Chapter  2 

Processes  of  Perception,  Conception,  and  Reporting 
William  K.  Hartmann 


1 .  Introduction 

The  preceding  chapter  outlined  the  sequence  of  events,  physical, 
physiological,  and  psychological,  by  which  perception  of  a  phenomenon 
is  combined  with  previous  conceptions.  In  this  chapter  we  will  review 
some  evidence  on  how  this  proceeds  in  fact,  and  on  how  the  conceptions, 
sometimes  after  significant  interpretation,  produce  a  report. 

The  question  underlying  this  discussion  is  this:  Are  misinterpretation 
and  misreporting  sufficiently  common  as  to  make  credible  the  assertion 
that  the  entire  UFO  phenomenon,  or  at  least  the  residual  of  unidentified 
cases,  is  the  result  of  these  processes  (plus  deliberate  hoaxes)?  The 
data  show  that  this  assertion  is  indeed  credible,  although,  of  course, 
we  cannot  prove  that  this  accounts  for  the  unidentified  objects. 

2.  Perception:  Objects  and  Phenomena  in  the  Atmosphere 

In  practice,  it  has  proven  impossible  and  potentially  misleading  to 
try  to  tabulate  all  of  the  possible  causes  of  UFO  perception.  There  are 
simply  too  many.  The  very  point  that  is  emphasized  by  case  after  case 
is  the  incredible  variety  of  circumstances  that  may  cause  one  to  perceive 
an  apparition  of  high  strangeness  and  conceive  of  it  as  an  UFO,  or  even 
more  specifically  as  a  "flying  saucer." 

Minnaert  (1954),  Menzel  (1953),  and  Menzel  and  Boyd  (1963)  have 
described  in  detail  many  objects  and  phenomena  that  are  unfamiliar  to 
most  persons.  We  need  not  repeat  their  description  here.  However,  simply 
to  illustrate  the  variety  of  causes  that  can  and  have  produced  UFO 
reports,  Table  1  briefly  lists  some  of  the  possibilities. 

We  can  be  virtually  certain  that  all  of  the  causes  in  Table  1  have, 
at  one  time  or  another,  produced  perceptions  that  could  not  be  identified 
by  the  observer.  It  is  perhaps  not  surprising,  therefore,  that  about 
3,000,000  out  of  125,000,000  adult  civilian  Americans  have  perceived 
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Table  1 

Examples  of  UFO-Related  Objects  and  Phenomena 


Meteorological 
Sub sun 

Lenticular  clouds 
Noctilucent  clouds 
Mirages 

Sundog 

"Dust  devils",  etc. 
St.  Elmo's  fire 
Ball  lightning 

Astronoaiical 
Meteors,  fireballs 

Satellite  reentries 
Aurora 

Venus,  other  planets 


Gulfstream  aircraft  (Case  54) 

Cf.  Section  III,  Chapter  3 

"Glowing"  c’ouds,  often  in  peculiar  shapes 

Examples  cited  by  Menzel  (1953),  Menzel  and 
Boyd  (1963) 

Debris  thrown  into  air  without  apparent 
support . 

Cf.  Section  VI,  Chapter  7 


Cf.  discussion  of  1913  fireball,  this 
chapter 

Cf.  discussion  of  Zond  IV,  this  chapter 


Experimental  and  Technological 


"Skyhook"  balloons 

Other  balloons 
Test  aircraft 

Rocket  launches 
High-alt.  projectiles 


Bomb  tests 
Contrails 

Refueling 

Searchlight  reflections 


Responsible  for  Mantel 1  tragedy  (Menzel 
and  Boyd,  1963) 

Certain,  little-flown  types  have  been 
disk-shaped 

Rockets  $  contrails  have  generated  UFO 
reports 

Have  been  used  in  flare  and  wind-study 

experiments  (Cf.  New  Mexico  aircraft 
(Case  55) 

Fort  Bel voir,  Va.  (Case  50) 

Coarsegold,  Calif.  (Case  28) 
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Table  1  (cant'd) 


Aircraft  reflections  Great  Falls,  Mont.  (Case  47) 

Aircraft  afterburner 

Aircraft  seen  at  unusual  angles 

Aircraft  landing  lights 

Flare  experinents 


Physiological  and  Psychological 


Autokinesis 

"Autostasis" 

Entoptic  effects 
Motes  on  the  cornea 
Hallucination 
"Airship  <  ffect" 

"Excitedness  effect" 


Perceived  motion  of  objects  known  to  be 
stationary 

Perceived  stopping  of  objects  known  to  be 
moving 

Generated  within  the  eyeball 
Perceived  as  spots 


Perceived  connection  of  separate  sources 
(cf.  this  chapter) 

Selection  effect  on  reports  (cf.  this  chapter) 


Industrial  Effects 
Detergent  foam 


Biological 
Angel  hair 

Airborn  debris  (e.g.  milkweed)  Camarillo,  Calif.  (Case  58) 
Birds,  flocks  of  birds  Tremonton,  Utah  (Case  49) 

Swanns  of  insects 
Luminous  fungi  on  birds 
Fireflies 


Miscellaneous 

UFO  reports  generated  by  toy  balloons  using 
candles  to  create  hot  air  (Boulder, 
Colo. ,  Case  18  ) 


Hot-air  balloons 


Table  1  (cont'd) 

Kites 

Reflections  off  windows  Witness  interprets  reflection  as  object 

outside  window 

Material  fixed  or  moving  on 

window  As  above 

Deliberate  hoaxes 


.'i 
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phenomena  that  they  classify  as  "Unidentified  Flying  Objects"  (See 
Section  III,  Chapter  8).  The  question  is  whether  a  few  of  these  reports 
are  extraordinary. 

Table  1  raises  a  problem  for  the  UFO  investigator:  in  a  given 
case,  how  unusual  say  a  phenomenon  be  to  be  cited  as  explanation? 

Certain  investigators  have  been  widely  criticized  for  constructing 
elaborate  conditions  to  explain  (or  explain  away)  UFO  reports.  One 
should  be  guided  by  "Occam's  Razor":  an  explanation  becomes  less 
credible  as  the  number  of  ad  hoc  assumptions  increases.  Table  1  is 
not  a  list  by  which  every  case  can  be  explained,  but  it  does  suggest 
that  even  without  alien  spaceships  and  undiscovered  physical  phenomena, 
many  strange  things  will  be  perceived. 

As  an  example  of  the  complexities  of  just  one  class  of  objects, 
which  has  been  inadequately  studied  both  within  and  outside  the  context 
of  UFOs,  consider  meteoroidal  bolides.  Bolides  have  produced  exceedingly 
spectacular  and  unusual  displays,  but  it  is  not  widely  recognized  that 
they  probably  include  a  variety  of  objects.  There  are  cometary  debris, 
thought  to  be  fragile  and  with  a  high  volatile  content,  leading  to 
fragmentation  in  the  atmosphere.  Many  of  these,  having  drifted  in  from 
the  outskirts  of  the  solar  system  have  a  very  high  velocity.  Asteroidal 
fragments,  thought  to  be  represented  by  the  stony  and  iron  meteorites, 
enter  the  atmosphere  at  intermediate  velocities  and  may  have  a  different 
mass  distribution.  Least  known  of  all,  there  may  be  a  group  of  low  velocity 
objects  that  are  debris  blown  off  the  moon  by  impacts  or  in  some  other 
way  captured  in  the  earth-moon  system.  There  may  even  be  other  unknown 
sources  of  cosmic  debris. 

The  slow  bolides  (entry  speed  ~  escape  velocity)  are  of  particular 
relevance  and  interest  because  of  the  part  that  the  epidemic  of  slow,  green 
fireballs  played  in  the  development  of  the  UFO  problem  in  1948-49  (Ruppelt 
1956;  Menzel  and  Boyd,  1963),  and  because  of  the  scattered  reports  in  the 
astromomical  literature  of  majestic  slow  fireballs  (Chant,  1913;  dis¬ 
cussed  below) .  As  an  example  of  the  diverse  data  bearing  on  the  UFO 
problem,  consider  the  possibility  of  observing  fragments  blown  off  the 
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moon.  It  is  believed  that  interplanetary  meteoroids  striking  the  moon 
dislodge  material  amounting  to  some  hundreds  of  times  their  own  mass 
(Gault,  1964).  Material  totaling  roughly  the  initial  projectile's  mass 
may  escape  the  moon's  gravitational  field,  probably  in  the  form  of 
particles  much  smaller  than  the  original  projectile  (Gault,  1964). 

4 

Ordinary  meteors  of  mass  10  gm  are  of  magnitude  about  -10  (Vedder,  1966), 
and  we  may  infer  that  a  fragment  of  such  mass  from  the  moon  would  pro¬ 
duce  a  spectacular  display  as  it  enters  the  earth's  atmosphere.  That  is, 

6  8 

lunar- impacting  projectiles  of  mass  of  the  order  10  to  10  gm  could  be 
expected  to  throw  out  fragments  that,  entering  the  earth's  atmosphere, 
could  produce  spectacular,  slow  fireballs.  How  often  do  such  lunar 
impacts  occur?  Meteor  fluxes  have  been  thoroughly  reviewed  by  Vedder 
(1966)  and  for  the  mass  range  given,  che  rate  of  lunar  impacts  is 
estimated  to  be  in  the  range  10  to  10  *  per  year.  It  is  expected  that 
many  circumlunar  particles  would  ultimately  decay  into  the  earth's 
atmosphere  so  that  we  may  predict  that  every  few  decades,  or  even  more 
frequently,  spectacular  slow  fireballs  of  lunar  origin  should  occur,  and 
that  groupings  of  these  objects  would  appear  over  periods  of  weeks,  since 
clusters  of  ejecta  are  thrown  out  by  each  lunar  impact,  to  decay  at  dif¬ 
ferent  rates. 

This  illustration  is  chosen  because  the  predicted  characteristics 
match  those  of  the  "green  fireball  episode"  and  suggest  that  lunar 
debris  may,  indeed,  be  the  explanation  of  those  unusual  bolides. 

It  is  important  to  note  that  we  have  not  yet  even  considered  the 
possibility  that  any  of  the  common  or  unusual  causes  in  Table  1  may 
be  badly  reported,  so  that  an  investigator  may  become  hopelessly  confused. 

Whoever  believes  that  the  UFO  phenomenon  represents  revolutionary 
and  fantastic  events  must  take  full  account  of  the  facts  that  (1)  UFOs 
by  definition  include  all  phenomena  unknown  to  the  observer;  (2)  such 
phenomena  are  present  in  effectively  infinite  variety,  so  that  even 
widely  experienced  investigators,  not  to  mention  inexperienced  witnesses, 
may  be  unaware  of  them;  and  (3)  such  phenomena,  even  if  accurately  per¬ 
ceived,  may  be  badly  interpreted  and  reported  by  the  observer. 
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3.  Conception  :  The  Re-entry  of  Zond  IV  Debris 

It  is  remarkably  common  for  astronomers,  when  queried  about  UFOs, 
to  cite  the  misconceptions  that  accompany  reports  of  meteors.  Most 
astronomers  have  talked  to  witnesses  who  believe  a  prominent  meteor 
landed  "just  behind  the  barn"  or  "just  over  the  hill;"  thus,  they  stress 
the  limitations  of  verbal  reports  from  average  observers. 

Project  Blue  Book  has  supplied  us  with  exceptionally  good  data  to 
illuminate  this  problem.  On  3  March  1968  the  news  agency  of  the  Soviet 
Union  announced  that  the  spacecraft  "Zond  IV"  had  been  placed  in  a  low 
"parking  orbit"  around  the  earth  and  would  soon  be  launched  into  "outlying 
regions  of  near-earth  space"  (Sullivan,  1968)  The  mission  was  unsuccess¬ 
ful.  At  about  9:45  p.m.  EST  on  3  March,  hundrsds  of  American  observers 
near  a  line  from  Kentucky  to  Pennsylvania  saw  a  majestic  procession  of 
fiery  objects  with  sparkling  golden  orange  tails  move  across  their  sky. 

The  spacecraft  was  disintegrating  upon  re-entry.  Most  observers  saw 
two  or  three  main  pieces,  while  observers  near  the  end  of  the  path 
saw  more.  These  objects  were  soon  identified  by  NORAD  as  pieces  of  the 
Zond  IV  probe  or  its  rocket  booster  and  this  identification  was  finally 
confirmed  1  July  1968  (Sullivan,  1968). 

This  case  put  us  in  the  rare  and  fortunate  position  of  knowing 
exactly  what  was  involved  even  before  we  began  to  investigate  the  many 
UFO  reports  that  were  generated. 

In  brief,  many  of  these  reports  were  quite  good,  but  there  is  an 
admixture  of  spurious  elements  that  are  astonishingly  familiar  to  students 
of  the  "flying  saucer"  literature.  The  latter  vividly  illustrate  the 
problem  of  conception  and  interpretation,  and  shed  light  on  the  entire 
UFO  phenomenon. 

Consider  the  conceptions  that  may  be  generated  if  one  perceives 
three  bright  point  sources  moving  across  the  night  sky  at  constant 
angular  separation  of,  say,  5°.  The  most  objective  observer  may  report 
as  directly  as  possible  the  percept:  three  point  sources  moving  with  a 
constant  angular  separation.  Rut  this  is  just  one  end  of  a  spectrum. 

A  less  objective  observer  and,  from  our  Zond  IV  data,  a  demonstrably 
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more  typical  one  may  introduce  subtle  elements  of  interpretation.  He 
may  report  three  point  sources  flying  with  constant  angular  separation, 
or  three  lights  flying  with  constant  angular  separation,  or  three  lights 
flying  in  formation.  These  changes  in  conception  may  be  subtle,  but  when 
the  observer  reports  his  conception  to  a  second  party,  they  may  produce 
vividly  different  conceptions  (especially  if  the  second  party  is  inclined 
to  believe  "flying  saucers"  exist) .  Further  toward  the  other  end  of  the 
spectrum,  but  less  typical  than  the  above  examples,  a  highly  unobjective 
observer  may  introduce  totally  spurious  elements.  He  may  report  three 
craft  flying  in  formation.  He  may,  for  example,  conceive  the  idea  that 
the  three  point  sources  are  connected,  since  they  maintain  a  constant 
pattern.  He  may  even  imagine  a  dark  elongated  form  connecting  them  so 
that  they  become  lights  on  a  cigar-shaped  object,  or  even  windows  on  a 
cigar-shaped  object. 

This  spectrum  of  the  conceptions  of  observers  is  not  based  on  mere 
theorizing.  It  is  directly  derived  from  the  Zond  IV  observations. 

Quantitative  analysis  of  the  observations  is  somewhat  confused  by 
their  heterogeneity.  The  file  supplied  by  Project  Blue  Book  contains 
reports  ranging  from  very  complete  accounts  on  official  Air  Force  report 
forms  to  fragmentary  records  of  telephone  reports.  In  all,  there  are 
some  78  reports,  but  only  about  30  detailed  letters  or  forms  attempting 
to  give  a  complete  description  are  appropriate  for  analysis.  There  are 
only  12  Air  Force  report  forms  from  which  one  can  study  the  variations 
in  response  to  specific  questions;  e.g.  angular  size,  velocity,  etc. 

Study  of  the  file,  some  30  complete  reports  produced  counts  of 
certain  conceptions  indicated  in  Table  2,  listed  in  order  of  decreasing 
frequency. 

The  following  remarks  apply  to  the  items  in  Table  2.  Item  (1)  shows 
that  virtually  all  the  reports  that  made  reference  to  sound  correctly 
agree  that  there  was  none.  One  witness  (item  16)  reported  sound  like  a 
piece  of  tin  hurtling  through  the  air.  We  can  be  certain  this  is  in 
error;  this  conception  must  have  resulted  from  an  unrelated  noise  or  a 
hallucination  due  to  a  belief  that  there  ought  to  have  been  a  sound. 

Items  (2)  and  (14)  are  somewhat  misleading  semantic  errors.  A  bettei 
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Table  2 


Selected  Conceptions  Generated  by  Zond  IV  Re-entry* 
Conception  No.  of  Reports 


1. 

Report  absence  of  any  sound 

20 

2. 

Report  "formation" 

17** 

3. 

Estimate  altitude  or  distance  <  20  mi. 

13** 

4. 

Suggest  phenomenon  may  be  meteor (ite)  or  satellite 
re-entry 

12 

5. 

Report  straight,  uniform  motion 

12 

6. 

Indicate  individual  sources  were  of  angular  size 
•k  7' 

10** 

7. 

Report  rocket-  or  cigar-shape,  or  "saucer"  shape 

7** 

8. 

Report  curvature  or  change  of  direction  or  motion 

6** 

9. 

Estimate  altitude  or  distance  at  <  10,000  ft. 

5** 

10. 

Report  cigar-shape  or  rocket-shape 

5** 

11. 

Report  "fuzzy"  outline 

4 

12. 

Report  "windows" 

3** 

13. 

Describe  lights  (implying  lights  on  something) 

2*  * 

14. 

Refer  to  exhaust 

2** 

15. 

Report  sharp,  well  defined  outline 

2** 

16. 

Report  noise 

1  ** 

17. 

Report  reaction  of  animal 

j  *  * 

18. 

Report  vertical  descent 

j** 

*Based  in  effect,  on  about  30  relatively  complete  reports  out  of  a 
total  file  of  78. 

**Conceptions  that  are  to  greater  or  lesser  degree  erroneous. 
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choice  of  word  than  "formation"  would  have  been  "pattern"  or  "constellation." 
"Formation"  and  "exhaust"  imply  guided  vehicles.  One  observer  even  described 
one  object  as  "pursuing"  another;  it  "looked  as  if  it  was  [sic]  making 
an  attempt  to  shoot  the  other  one  down."  (3)  and  (9):  As  is  usually  '  e 
case  with  meteor  reports,  the  object  was  conceived  of  as  being  muc!. 
closer  than  in  fact.  This  presumably  results  from  the  average  observer's 
unfamiliarity  with  the  concept  of  watching  objects  a  hundred  miles  away. 

(4) :  A  number  of  observers  correctly  considered  meteoritic  phenomena. 

A  smaller  number  flatly  identified  the  apparition  as  a  re-entry  of  some 
sort  and  a  few  even  indicated  that  they  gave  it  scarcely  a  thought  until 
they  later  heard  of  the  excitement  generated  through  radio,  and  newspapers! 

(5)  and  (8):  Most  observers  described  an  essentially  linear  path,  bvt 
a  smaller  number  reported  changes  in  direction.  A  few  even  ruled  out 

a  meteoritic  phenomenon  on  this  basis.  Most  of  the  reports  of  change  in 
direction  must  be  subjective,  perhaps  an  autokinesis  effect,  but  some 
are  thought  to  result  from  observers  own  motion  in  vehicles.  (7):  This 
includes  all  descriptions  typical  of  "flying  saucers,"  and  (6),  (7),  and 
(10)  together  indicate  a  strong  tendency  to  conceive  of  a  shape  even 
though  the  phenomenon  involved  virtual  point  sources.  Most  observers 
indicated  that  the  fragments  were  about  3-4  min.  of  arc  in  diameter, 
just  within  the  resolving  power  of  the  normal  human  eye.  Reports  of  a 
"cigar- shape"  apparently  stem  from  a  subjective  tendency  to  connect  the 
string  of  sources  and  from  popularization  of  this  concept  in  the  UFO 
literature.  This  important  phenomenon  I  will  call  the  "airship  effect;" 
it  is  demonstrably  present  even  in  reports  as  far  back  as  1913,  and  in 
Cases  34  and  37.  Items  (11)  and  (15),  which  seem  to  indicate  merely 
the  inadequacy  of  the  report  form's  question  (The  edges  of  the  object 
were:  Fuzzy  or  blurred?  Sharply  outlined?)  in  the  case  of  a  near¬ 
point  source  with  an  ill-defined  tail.  Items  (12)  and  (13)  illustrate 
serious  misconceptions,  apparently  due  to  unconscious  assumption  that 
there  was  a  vehicle.  Item  (17)  refers  to  a  report  that  a  dog  was  noted  to 
become  upset  and  to  huddle,  whimpering,  between  two  trash  cans.  According 
to  her  own  testimony,  the  witness,  was  quite  excited  and  the  dog  presumably 
detected  this. 
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The  Air  Force  report  l  rms  comprise  a  smaller  set  of  more  homogeneous 
data,  since  the  questions  ai  standardized.  A  range  of  conceptions  arc 
illustrated  by  the  12  report  forms  plus  5  highly  detailed  accounts,  and 
are  summarized  in  Table  2.  The  angular  size,  a  relatively  objective 
measurement,  is  fairly  consistently  estimated.  The  size,  distance,  and 
velocity  estimates  are  hopelessly  misconceived,  as  we  have  already  seen, 
since  the  observers  had  no  objective  way  of  determining  any  of  these 
(without  realizing  that  a  re-entry  was  involved).  The  estimates  appear 
to  be  influenced  by  prior  conceptions  of  and  familiarity  with  airplanes. 
Typical  errors  exceed  a  factor  of  ten.  Only  four  of  the  12  respondents 
correctly  noted  that  they  could  not  estimate  the  speed.  Of  17  observers, 
four  chose  to  describe  a  "formation,"  and  two,  "windows." 

An  effect  important  to  the  UFO  problem  is  demonstrated  by  the  records: 
the  excited  observers  who  thought  they  had  witnessed  a  very  strange  phenom¬ 
enon  produced  the  most  detailed,  longest,  and  most  misconceived  reports, 
but  those  who  by  virtue  of  experience  most  nearly  recognized  the  nature 
of  the  phenomenon  became  the  least  excited  and  produced  the  briefest 
reports.  The  "exeitedne88  effeot"  has  an  important  bearing  on  the  UFO 
problem.  It  is  a  selection  effect  by  which  the  least  accurate  reports 
are  made  more  prominent  (since  the  observer  becomes  highly  motivated  to 
make  a  report),  while  the  most  accurate'  reports  may  not  be  recorded.  In 
the  case  of  Zond  IV  the  two  most  lengthy  unsolicited  reports  described 
the  apparition  as  a  cigar-shaped  craft  with  a  row  of  lighted  windows 
and  a  fiery  tail,  while  the  correct  identifications  as  a  re-entry  were 
short,  in  some  cases  recovered  only  by  later  solicitation  of  reports. 

In  summary,  we  conclude  that  all  of  the  following  factors  demonstrably 
confuse  reports  of  unidentified  phenomena  and  make  subsequent  investigation 
difficult:  (1)  Objects  are  conceived  of  in  terms  of  familiar  concepts, 
such  as  aircraft.  This  produces  misconceptions  of  distance,  speed,  shape, 
etc.  (2)  At  least  during  the  last  decade  conceptions  have  been  heavily 
influenced  by  the  "flying  saucer"  concept  in  movies,  TV,  and  periodicals. 
Reports  of  "saucer-shape,"  "cigar-shape,"  and  physiological  reaction 
are  probably  a  consequence.  (3)  Due  to  the  nature  of  certain  cases, 
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certain  questions  on  prepared  questionnaires  or  report  forms  become 
ambiguous  or  meaningless.  (4)  The  "excitedness  effect"  biases  reports 
toward  those  containing  more  exotic  conceptions.  (5)  The  "airship 
effect"  causes  some  observers  to  conceive  of  a  shape  surrounding  light 
sources . 

It  is  scarcely  short  of  amazing,  and  certainly  suggestive,  that 
the  seemingly  straightforward  Zond  IV  incident  produced  a  high  per¬ 
centage  of  the  very  phenomena  that  have  puzzled  students  of  the  UFO 
problem.  Table  3  lists  a  selection  of  such  reports.  We  have,  in 
fact,  reports  of  (1)  a  cigar-shaped  object  with  windows  and  a  flaming 
exhaust,  (2)  a  vehicle  or  craft  that  passed  low  overhead  in  utter 
silence,  (3)  psycho-physiological  response  of  dread,  or  in  another 
case,  an  urge  to  sleep,  and,  (4)  abnormal  behavior  of  a  nearby  animal. 
To  the  extent  that  the  argument  for  "flying  saucers"  rests  on  the 
strangeness  of  such  observations,  it  is  thereby  weakened. 

Of  course,  the  important  question  in  a  case  such  as  the  Zond  IV 
re-entry  is  not  the  quality  of  the  worst  observations,  but  rather 
whether  the  observations  taken  together  did  define  and  clarify  the 
phenomenon.  My  own  judgment  is  that,  together,  the  reports  would  sug¬ 
gest  a  re-entry  to  anyone  who  was  familiar  with  such  a  phenomenon. 

This  results  primarily  from  the  vividness  of  this  particular  case, 
and  the  attendant  diagnostic  features:  a  bright  bolide  slowly  disin¬ 
tegrating  into  many  fragments,  each  attended  by  a  train.  Nonetheless, 
it  must  be  said  that  only  a  fraction,  about  a  quarter,  of  the  reports 
point  directly  in  this  direction  while  about  another  quarter  are  mis¬ 
leading  and  the  remainder  insufficiently  detailed  to  be  diagnostic. 

A  reporter  or  investigator  coming  upon  the  case  in  innocence  would  be 
hardput  to  distinguish  the  good  from  the  bad  reports. 

Table  3  demonstrates  that  a  large  part  of  the  UFO  problem  is  a 
semantic  one.  One  may  point  out  that  an  accurate  reconstruction  of 
this  incident  would  have  been,  after  all,  possible  from  the  bulk  of 
reports;  but  to  generate  a  UFO  case  we  need  only  (say)  one  to  four 
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Table  3 


Selected  Descriptive  Comments  on  Zond  IV  Re-entry 


Nature  of  the  object: 

"[i  heard  on]  news  ...  it  was  space  junk.  Never.  It  came  down 
then  went  forward  in  perfect  formation.  So  how  can  gravity  be  defied?" 

"Suggestions:  1.  Cylinder  type  rocket  with  two  thrust  rocket  en¬ 
gines  and  one  rocket  engine  in  front  for  guiding  purposes.  2.  Meteor 
broken  into  three  main  parts.  3.  Space  or  aeronautical  craft." 

"Observer  does  not  think  the  objects  were  either  satellite  debris 
or  meteors  because  they  had  a  flat  trajectory." 

"Didn't  attach  much  importance  to  the  object  because  I  thought  it 
was  a  re-entry." 

"Thought  it  looked  like  something  burning  up  in  space  ....  Thought 
it  looked  like  a  bum-in." 

"I  wasn't  aware  that  I  had  seen  anything  unusual  until  the  local 
TV  newscast  .  .  .  advised  of  many  other  sightings  of  same  for  miles 
around . " 

"Neither  I  nor  my  fiancee  sighted  any  connecting  lines  [among  the 
bright  sources].  If  there  were  connecting  lines,  it  would  have  formed 
the  fuselage  of  a  B-52  only  about  thirty  to  forty  times  bigger." 

"Could  not  see  actual  object." 


Appearance  of  object: 

"All  .  .  .  observers  saw  a  long  jet  airplane- looking  vehicle  with¬ 
out  any  wings.  It  was  on  fire  both  in  front  and  behind.  All  observers 
also  saw  many  windows  ....  If  there  had  been  anybody  in  the  UFO 
near  the  windows  I  would  have  seen  then." 

"It  was  shaped  like  a  fat  cigar,  in  my  estimation  ....  It  appeared 
to  have  rather  square  shaped  windows  along  the  side  that  was  facing  us  .  . 
It  appeared  to  me  that  the  fuselage  was  constructed  of  many  pieced  or  flat 
sheets  .  .  .  with  a  'riveted  together  look'  ....  The  many  'windows' 
seemed  to  be  lit  up  from  the  inside." 

[It  could  be  compared  to]  "ordinary  saucer  inverted  without  protru¬ 
sion  on  top;  elongated  a  little  more  than  a  saucer.  Protrusion  on  bottom 
midline  and  about  50%  of  bottom  so  covered." 
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"No  flame  was  visible  but  .  .  .  quantity  of  golden  sparks  .  .  .  . 
In  my  opinion  it  was  a  solid  rocket  type  vehicle  with  three  lights  or 
three  oval  saucer  type  vehicles." 

"Object  had  red  and  blue  lights." 

"Observed  an  unidentified  object  ....  It  was  long  and  narrow 
with  a  light  in  front  and  in  back  there  was  a  streaming  tail  .... 
The  object  was  dark  black,  trail  was  yellow  gold." 

"Fiery  orange,  long  and  narrow." 

"Definite  disk  shaped." 

"It  was  like  two  disk-shaped  lights  in  some  planned  position." 
"Tail  appeared  as  metallic  sparks." 


"Formation  flight:" 

"They  flew  in  a  perfect  military  formation." 

When  asked  if  they  could  be  meteorites,  [witness]  replied,  "It 
would  be  the  first  time  I  ever  saw  meteorites  fly  formation." 

"It  appeared  as  if  one  object  was  in  pursuit  of  the  other.  One 
object  seemed  to  be  traveling  at  a  higher  or  greater  speed  than  the 
one  pursuing  it.  The  pursuing  object  .  .  .  looked  as  if  it  was  making 
an  attempt  to  shoot  the  other  one  down." 


Distance  and  dimensions: 

"It  was  at  about  treetop  level  and  was  seen  very,  very  clearly, 
just  a  few  yards  away." 

A  pilot  "estimated  each  [tail]  was  about  0.5  mile  in  length." 

"We  saw  two  orange  lights  tailing  [sic]  about  two  yards  apart." 

Observer  "felt  that  it  would  have  hit  in  the  wooded  area  south 
of  (her  city)." 


Response  and  reaction: 

"I  really  wanted  to  see  a  UFO.  I  remember  saying  aloud  .  .  .  'This 
is  no  natural  phenomenon.  It's  really  UFOs,  I  .  .  .  made  an  attempt  to 
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communicate  with  them.  I  had  a  flashlight  .  .  .  [and]  signaled  ...  in 
Morse  code  ....  No  visible  response  elicited  ....  After  I  came  into 
the  house  I  had  an  overpowering  drive  to  sleep  ....  My  dog  .  .  .  went 
over  between  the  two  trash  cans  .  .  .  and  whimpered  and  lay  on  the  drive 
between  the  cans  like  she  was  frightened  to  death  ....  High  frequency 
sound  inaudible  to  us?" 

"Frightened  my  eleven  year  old  son,  who  was  out  with  nis  telescope." 


Hearsay : 

"I  heard  there  were  [72]  grass  fires  in  this  area  on  the  day  following 
this  sighting.  I  would  think  there  might  be  a  possible  connection." 


witnesses  to  agree  on  and  express  misleading  conceptions  and  other 
witnesses  to  be  silent  or  (more  commonly)  non-existent. 

4.  Conception:  Re-entry  of  Titan  3  C-4  Debris 

An  incident  less  widely  observed  than  the  Zond  IV  re-entry  gave 
the  writer  an  opportunity  to  compare  his  personal  observation  of  the 
re-entry  of  satellite  debris  with  verbal  reports  solicited  from  his 
community.  The  results  are  similar  to  those  of  the  case  described 
above. 

On  28  September  1967,  at  9:53  MDST  I  noticed  from  Tucson,  a 
bright,  orange-red  stellar  object  drifting  across  the  northern  sky 
toward  the  northeast  at  a  rate  of  about  40 1  of  arc  per  sec.  Though 
initially  of  about  zero  magnitude,  it  suddenly  disappeared,  giving  the 
impression  of  a  jet  plane  cutting  off  its  afterburner.  However,  the 
object  suddenly  reappeared,  then  repeated  the  performance  several 
times.  During  the  last  few  degrees  of  the  trail,  some  5°-10°  above 
the  horizon,  there  appeared  to  be  a  disintegration  into  several  barely 
resolved  fragments.  A  second  or  two  later,  another  object  appeared  and 
followed  the  first  one  down  to  the  last  4°  of  the  trail.  Meanwhile, 
a  faint  milky-white  train  which  had  been  left  by  the  first  object 
brightened  for  about  10  sec.,  then  faded,  twisted,  and  broke  up  in  a 
period  of  about  6  min. 

The  tell-tale  features  of  a  satellite  re-entry  were  present:  the 
object  was  too  slow  for  a  meteor,  had  the  brightness  fluctuations  and 
color  of  a  burning  object,  fragmented,  moved  eastward  and  left  a  train 
that  was  distorted  by  high  altitude  winds.  A  later  check  through  the 
Colorado  project  indicated  that  re-entry  of  certain  fragments  of  Titan 
3  C-4  satellite  1965-82KD,  had  been  estimated  to  occur  at  about  6:00  a.m., 
MDST,  on  29  September  1967  (see  also  King-Hele  and  Quinn,  1966). 

Earlier,  the  satellite  had  exploded  in  orbit,  and  the  fragments  were 
spread  out  along  the  orbit,  so  that  sporadic  decays  near  the  predicted 
time  were  not  unexpected;  the  observation  of  a  second  fragment  a  few 
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seconds  (some  tens  of  miles)  behind  the  first  was  consistent  with  this. 
Hence,  the  identification  is  regarded  as  virtually  certain. 

Rarely  does  the  investigator  himself  have  an  opportunity  to  see 
the  "UFOM  being  described.  In  order  to  take  advantage  of  this  oppor¬ 
tunity  to  compare  my  own  observations  to  the  conceptions  and  semantics 
generated,  I  solicited  observations  through  a  local  newspaper. 

Fifteen  reports  were  received  from  the  Tucson  area  by  telephone. 

The  reports  ranged  from  quite  accurate  to  quite  misleading.  The  most 
misleading  of  the  15  was  from  an  articulate  woman  who  was  to  all  appear¬ 
ances  an  astute  observer.  She  clearly  reported  that  the  object  fell 
between  her  and  some  mountains  a  few  miles  away,  appearing  in  front 
of  (south  of)  the  mountains  and  below  their  crests.  (This  conflicts 
with  other  reports  of  observers  located  north  and  west  of  the  mountains, 
as  well  as  the  known  identity  of  the  object.)  Other  misconceptions 
reported  included  :  (1)  red  and  green  flashing  or  rotating  light 
(possibly  confusing  the  object  with  an  aircraft  that  was  near  the 
witness?);  (2)  much  bigger  than  a  star,  could  see  a  round  shape;  (3) 
motion  toward  the  west  (confusion  with  another  object?);  (4)  "Looked 
like  it  was  coming  down  right  at  me.  It  scared  me.  It  was  like  it 
was  right  oyer  me  -  like  a  fat  airplane  -  with  a  big  window."  This 
is  a  repetition  of  the  "airship  effect"  in  which  the  observer  conceives 
of  a  light  as  an  aperture  in  a  black,  unseen,  larger  form. 

The  writer  had  concluded  (before  the  Zond  IV  results  were  avail¬ 
able)  that  roughly  a  quarter  of  the  reports  were  accurate  and  acticulate 
enough  to  be  definitive,  roughly  a  quarter  contained  seriously  misleading 
elements,  and  the  rest  were  sufficiently  inarticulate  or  whimsical  to 
be  of  no  great  value  (It  was  "real  red,  like,  you  know,  and  pretty  .  .  . 
It  turned  [sic]  a  beautiful  white  streak  .  .  .").  A  report  made  by  an 
investigator  arriving  later  would  have  depended  on  which  conceptions 
he  heard  or  adopted.  The  right  selection  would  have  cleared  up  any 
problem;  the  wrong  one  might  have  created  a  seemingly  inexplicable  and 
possibly  celebrated  UFO  report. 


5.  Conception:  The  Great  Fireball  of  9  February  1913 

C.  A.  Chant  (1913a),  in  a  71-page  report,  gives  a  detailed  account 
of  the  spectacular  meteoric  display  of  9  February  1913.  The  series  of 
disintegrating  bolides  passed  from  Saskatchewan  ESE  over  the  Great 
Lakes  and  over  the  New  Jersey  coast.  Several  "waves"  of  clustered 
objects  were  seen,  noise  was  heard  at  least  50  rai.  from  the  sub-bolide 
point,  and  ground  shocks  were  reported.  Other  remarkable  sporadic 
meteors  were  seen  in  various  scattered  locations  around  the  world  for 
a  period  of  some  days.  Chant  deduced  that  the  height  of  the  path, 
which  followed  the  earth's  curvature,  was  about  26  mi.  and  that  the 
geocentric  velocity  was  in  the  range  5-10  mi/sec.  M.  Davidson  (1913) 
reanalyzed  Chant's  data,  plus  observations  from  Bermuda,  and  concluded 
that  the  object  had  a  height  of  some  46  mi.  over  Ontario,  and  Chant 
(1913b)  subsequently  inferred  that  they  reached  perigee  over  Ontario, 
but  were  not  destroyed,  moving  out  into  a  new  orbit  when  seen  from 
Bermuda . 

The  phenomenon  appeared  rather  like  the  Zond  IV  re-entry.  It  is 
well-described  in  the  "extended  extracts"  from  letters  published  by 
Chant.  Clusters  of  stellar-like  objects  passed  overhead,  with  tails 
several  degrees  long  and  accompanied  by  smaller,  fainter  objects.  It 
is  a  subjective  judgment,  possibly  influenced  by  some  editing  of  the 
letters  by  Chant,  that  the  1913  reports  are  on  the  whole  more  objective 
than  those  of  this  decade.  There  are  probably  two  reasons  for  this  : 

(1)  In  1913  the  demarcation  between  "educated"  persons,  from  whom 
Chant  was  likely  to  receive  letters,  and  "uneducated  persons,"  was 
greater.  (2)  In  1913,  there  was  no  widely  known  conception  (i.e. 
pre- conception  of  mysterious  saucer-shaped  aircraft  or  spaceship 
(although  several  reports  refer  to  the  object  as  an  airship).  Further, 
the  1913  reports  (as  published)  tend  to  be  more  descriptive;  the  word 
"meteor"  is  used  in  a  non-generic  sense  simply  to  mean  a  bright  object 
passing  across  the  sky.  There  is  little  attempt  among  the  corres¬ 
pondents  to  infer  what  the  objects  were. 
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Chant  himself  indicates  that  the  reports  varied  in  quality  due 
to  the  process  of  conception  and  interpretation:  "The  reader  .  .  . 
will  .  .  .  see  that  intelligent  people  can  differ  widely  in  describing 
a  phenomenon,  and  will  be  able  to  appreciate  the  difficulty  I  have 
had  in  discriminating  between  very  discordant  observations."  He 
presents  reports  of  nearly  150  witnesses. 

The  "airship  effect"  is  clearly  present.  Consider  these  reports: 

(1)  "The  series  of  lights  travelled  in  unison  and  so  horizontal  that 
I  could  think  only  of  a  giant  flying  machine.  The  lights  were  at 
different  points,  one  in  front,  one  further  back,  and  a  rear  light, 
then  a  succession  of  small  lights  in  the  tail."  (2)  "They  .  .  .  did 
not  seem  to  be  falling  as  meteors  usually  do,  but  kept  a  straight 
course  .  .  .  above  the  horizon.  Our  first  impression  was  that  a  fleet 
of  illuminated  airships  of  monstrous  size  [was]  passing.  The  incan¬ 
descent  fragments  themselves  formed  what  to  us  looked  like  the  illuminations 
while  the  tails  seemed  to  make  the  frame  of  the  machine.  They  looked 
like  ships  travelling  in  company."  (3)  "The  meteor  resembled  a  large 
aeroplane  or  dirigible,  with  two  tiers  of  lights  strung  along  the  sides." 

(4)  The  witnesses  "reported  that  they  had  seen  an  airship  going  east. 

The  heavens  were  brilliantly  illuminated,  and  with  the  passage  of  the 
meteors  a  shower  of  stones  was  seen  to  fall."  (This  last  element  is 
not  mentioned  elsewhere  and  appears  to  be  spurious.)  (5)  "I  took 
it  for  an  aeroplane  with  both  headlights  lit,  and  as  it  came  nearer 
the  sparks  falling  behind  it  made  it  appear  still  more  like  one. 

However  after  a  minute  or  a  minute  and  a  half  I  could  see  it  was  a 
meteor  ....  It  was  very  low,  apparently  just  above  the  hills.  (6) 

"My  brother  shouted  to  me,  'An  airship!  And  I  said,  'Mrs.  M---'s 
chimney  is  on  fire!  it  looked  that  near  ....  To  the  eye  they  were 
little  above  the  housetops."  (7)  "...  a  voice  from  a  group  of 
men  was  heard  to  say:  'Oh,  boys,  I'll  tell  you  what  it  is  -  an 
aeroplane  race.'" 

We  have  already  noted  in  the  Zond  IV  case  that  the  angular  size, 
a  relatively  objective  estimate,  was  consistently  measured.  In  this 
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case  the  description  of  the  noise  is  remarkably  consistent,  perhaps 
because  of  the  ready  availability  of  a  charming  simile.  Here  are  five 
consecutive  descriptions  of  the  noise:  (1)  "...  a  heavy  noise 

like  a  clap  of  thunder  at  a  distance;"  (2)  "...  a  low  rumble 

which  at  first  made  me  think  it  was  a  buggy  going  along  the  road  from 
church;"  (3)  "...  like  thunder,  loud  at  first  and  rumbling  every 
two  or  three  seconds;"  (4)  "...  like  a  horse  and  rig  going  over 
a  bridge;"  (5)  "...  like  a  wagon  passing  over  a  rough  road." 

There  was  more  difficulty  with  conceptions  such  as  angular  eleva¬ 
tion  and  distance.  As  usual,  the  latter  was  grossly  underestimated. 

(1)  "...  midway  between  the  horizon  and  the  sky  ..."  (2)  "... 

midway  between  the  earth  and  the  sky  ..."  (3)  They  travelled  no 

faster  than  a  crow  flies."  (4)  "...  never  have  I  [seen]  so  many 

heavenly  bodies  moving  at  one  time,  or  any  moving  so  slowly  or  in  so 
low  an  altitude."  (5)  "They  looked  to  pass  about  one  mile  south  and 
at  an  elevation  of  about  300  feet."  (6)  "...  I  saw  [it]  for  about 

half  a  minute.  In  that  time  it  seemed  to  go  about  150  yards."  (7) 

"The  position  in  the  sky  of  the  first  one  seemed  very  low,  so  low  that 
at  first  I  thought  it  was  a  rocket."  (Skyrockets,  of  the  fireworks  type, 
were  a  common  analogue) . 

Many  more  reports  could  be  cited,  illustrating  comparison  with 
familiar  objects  (kites,  funnels,  ships  in  formation),  in  some  cases 
misleading,  even  though  the  reports  taken  together  present  a  relatively 
clear  picture.  We  again  can  conclude  that  a  substantial  number  of 
misleading  reports  will  be  introduced  in  observations  of  unusual 
phenomena . 

6.  Additional  Remarks  on  Percepts  and  Concepts 

The  "airship  effect"  and  'excitedness  effect"  apply  to  the  Eastern 
Airlines  case  of  1948  (better  known  as  the  Chiles-Whitted  case).  This 
will  serve  as  an  example  of  the  difficulties  of  establishing  any  concrete 
evidence  for  "flying  saucers"  when  one  is  forced  to  distinguish  percepts 
and  concepts  of  a  few  witnesses  in  older  cases. 
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Briefly,  pilot  Chiles  and  co-pilot  Whitted  reported  flashing  by 
them  in  a  few  seconds  a  "wingless  aircraft  with  no  fins  or  protruding 
surfaces,  [which]  was  cigar- shaped,  about  100  ft.  long,  and  about 
twice  the  diameter  of  a  B-29  Superfortress.  It  seemed  to  have  two  rows 
of  windows  through  which  glowed  a  very  bright  light,  brilliant  as  a 
magnesium  flare.  An  intense  dark-blue  glow  like  a  blue  fluorescent 
factory  light  shown  at  the  bottom  along  the  entire  length,  and  red- 
orange  flames  shot  out  from  the  rear  to  a  distance  of  some  fifty 
feet"  (Menzel,  1963). 

This  case  has  been  one  of  the  mainstays  in  the  arguments  for  "flying 
saucers"  and  NICAP  has  described  it  as  the  "classic"  cigar-shaped 
object  (Hall,  1964).  Hynek,  as  consultant  to  the  Air  Force,  and  Menzel 
and  Boyd  account  for  it  as  a  fireball  (Menzel,  1963). 

The  present  discussion  provides  definitive  evidence  that  fireballs 
can  be  described  in  0ust  the  way  reported  by  Chiles  and  Whitted.  The 
investigator  is  faced  with  the  perfectly  conceivable  possibility  that 
Chiles  and  Whitted,  suffering  from  the  "airship  effect,"  became  excited 
and  reported  a  misconception  -  a  cigar-shaped  object  with  windows  and 
flames  -  just  as  a  fraction  of  witnesses  to  spectacular  fireballs  are 
now  known  to  do. 

A  second  example  from  my  own  experience  illustrates  the  difficulties 
of  transforming  perceptions  into  conceptions  (and  explanations) .  During 
the  course  of  the  Colorado  project  investigation,  I  was  sitting  in  the 
left  side  of  an  airliner,  just  behind  the  wing.  As  I  looked  out  over 
patchy  clouds,  I  saw  an  object  apparently  passing  us  in  the  distance, 
flying  the  other  way.  It  came  out  from  under  our  wing,  not  far  below 
the  horizon,  and  drifted  slowly  behind  us  until,  because  of  the  window 
geometry,  I  could  no  longer  see  far  enough  behind  to  observe  it.  It 
moved  like  a  distant  airliner,  but  was  a  grey,  ill-defined  disk,  with 
major  axis  about  a  third  of  the  apparent  size  of  the  moon.  It  was 
darker  than  the  clouds,  but  lighter  than  the  ground.  It  appeared  to 
a  disk-shaped,  nebulous  "aircraft,"  flying  smoothly  in  an  orientation 
parallel  to  the  ground. 
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I  was  sufficiently  shaken  by  this  to  pull  out  some  paper  and  begin 
making  copious  notes.  During  this  operation  I  glanced  out  again  and 
this  time  saw  clearly  a  distant  airliner,  slightly  above  the  horizon 
this  time,  but  moving  in  the  same  way.  There  was  no  question  that  this 
was  an  airliner,  for  in  spite  of  its  having  the  same  angular  size  as 
the  disk,  I  could  clearly  see  its  wings  and  tail.  Just  then,  the  pilot 
banked  to  the  right,  raising  the  left  wing,  and  suddenly  the  distant 
plane  became  a  grey,  nebulous  disk.  It  had  passed  behind  the  distorting 
exhaust  stream  of  the  jet  engine,  which  was  suspended  and  obscured  under 
the  wing.  The  first  disk,  or  plane,  had  flown  directly  behind  this 
stream,  whose  presence  had  slipped  my  mind. 

In  summary,  an  investigator  of  UFOi  is  in  effect  asking  for  all 
the  records  of  strange  things  seen,  and  he  must  be  sober  in  recognizing 
the  tremendous  variety  of  sources  of  distortion  and  misconception. 

Each  case  of  misconception  may  involve  its  own  processes  of  error,  but 
perhaps  common  to  all  such  cases  is  an  easy  tendency  to  "fix"  on  an 
early  conception  of  a  percept,  by  a  process  that  is  analogous  to  that 
of  the  "staircase"  optical  illusion  in  which  one  conceives  of  the  stair¬ 
case  as  being  seen  either  from  "above"  or  "below".  Another  example  is 
the  common  difficulty  in  looking  at  aerial  photographs.  One  may  con¬ 
ceive  of  the  relief  as  being  seen  either  "positive"  or  "negative." 

Once  the  conception  occurs  it  is  difficult  to  dispel  it.  If  you  see 
a  star  at  night  from  an  airplane  but  conceive  of  it  as  an  object 
pacing  the  aircraft  at  only  300  yd.  distance,  it  is  easy  to  retain  this 
conception.  As  R.  V.  Jones  (1968)  has  pointed  out  (reviewing  his  wartime 
intelligence  investigative  experience  in  the  context  of  the  UFO  problem), 
"witnesses  were  generally  right  when  they  said  that  aomethirig  had 
happened  at  a  particular  place,  although  they  could  be  wildly  wrong 
about  what  had  happened."  (WKH  emphasis). 

7.  Reporting 

"Reporting"  means  the  process  of  transmission  of  the  observation  - 
from  the  observer  to  a  journalist,  Air  Force  investigator,  the  police. 
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etc.,  and  from  there  to  the  public.  Reporting,  we  have  found, 
is  one  of  the  most  crucial  factors  in  the  UFO  problem.  My  own  con¬ 
clusion  has  been  that  one  must  not  form  a  judgment  of  any  case  from 
the  popular  literature. 

Suppose,  for  example,  that  the  pilot  of  my  airliner  had  not 
banked  the  plane  wingr  and  I  had  not  learned  the  explanation  of  the 
grey,  nebulous,  elliptical  object.  I  would  have  submitted  my  report, 
not  of  a  "flying  saucer,"  but  of  an  object  I  could  not  identify. 
Assuming  that  the  story  got  out,  it  is  highly  probable  that  because  of 
its  clear  news  value  ("COLORADO  PROJECT  INVESTIGATOR  SEES  DISK"), 
it  would  have  been  publicized  before  anyone  established  that  the  jet 
exhaust  had  produced  the  phenomenon.  Such  a  story,  brought  to  public 
attention  by  newspapers  and  magazines,  would  stir  more  pressure  on 
public  officials  and  contribute  to  the  illogical  but  widesperad  feeling 
that  where  there  is  so  much  smoke  there  must  be  some  fire.  A  later 
solution  would  not  be  so  widely  publicized. 

Ruppelt  (1956)  discusses  another  example  that  occurred  in  actual 
fact.  The  famous  Maury  Island  Hoax,  which  even  today  stirs  interest, 
was  widely  publicized.  The  story  was  sensational,  in  that  it  involved 
alleged  fragments  of  a  saucer  that  had  been  seen  to  explode.  Two 
Air  Force  investigators  on  the  case  were  killed  in  an  accidental 
plane  crash.  The  case  was  later  clearly  identified  as  a  hoc.x.  Ruppelt 
remarks, 

The  majority  of  writers  of  saucer  lore  have 
played  this  sighting  to  the  hilt,  pointing  out  as 
their  main  premise  .  .  .  that  the  story  must  be 
true  because  the  government  never  openly  exposed 
or  prosecuted  either  of  the  two  hoaxers.  .  .  . 
the  government  had  thought  seriously  of  prose¬ 
cuting  the  men,  (but)  it  was  decided,  after  talking 
to  the  two  men,  that  the  hoax  was  a  harmless  joke 
that  had  mushroomed.  ...  By  the  time  the  facts 
were  released  they  were  yesterday's  news.  And 
nothing  is  deader  than  yesterday's  news.  (WKH  emphasis). 
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Many  writers  in  our  culture,  from  fanatics  and  hypocrites  to 
sincere  reporters,  are  not,  after  all,  committed  to  complete  investi¬ 
gation  and  understanding  of  the  subject,  but  to  telling  and  selling 
a  good  story.  Unfortunately  there  is  a  selection  effect:  if  a  "flying 
saucer"  story  is  investigated  too  completely,  and  is  found  to  be  a 
misperception  or  a  hoax,  its  interest  and  sales  value  are  reduced. 

Examples  of  journalists'  distortion  and  slanting,  conscious  or 
unconscious,  abound:  misinformed  amateurs  quoted  as  authorities, 
repetition  of  hearsay  evidence,  and  naive  selection  of  data  are  examples 
of  such  dubious  reporting.  The  UFO  literature  is  full  of  the  following 
sort  of  ill-advised  criticism  of  non-believers:  Edwards  (1966)  describes 
a  case  in  which  a  world  famous  astronomer  and  authority  on  galactic 
structure,  and  two  colleagues,  reported  that  they  had  seen  a  "circular, 
luminous,  orange- colored"  light  pass  overhead  too  slowly  to  be  a  meteor. 
Noting  that  on  the  following  day  the  Air  Force,  rechecking  their  files, 
found  that  the  case  was  explained  by  two  Vampire  jets  and  a  jet  trainer 
on  a  routine  training  flight  at  20,000  ft.,  Edwards  then  concludes 
with  the  remark,  "If  a  professional  astronomer  really  were  incapable 
of  telling  one  circular  object  from  three  jet  planes  at  20,000  feet, 
how  reliable  would  his  work  be  regarding  an  object  40  million  miles 
away?"  Aside  from  the  facts  that  the  "explanation"  was  not  the  astrono¬ 
mer's  responsibility  and  that  the  latter  figure  misrepresents  the  scale 
of  that  astronomer's  work  by  a  factor  of  a  billion,  this  concluding 
statement  certainly  shed  no  real  light  on  the  UFO  problem,  but  rather 
creates  a  state  of  mind  that  may  aid  acceptance  of  the  author's  later 
remarks . 

Jones  (1968)  illustrates  well  the  problem  of  forming  a  reliable 
judgment  from  diverse  reports  of  individuals  on  a  single  phenomenon. 
During  the  war,  a  British  and  an  American  physicist  had  the  task  of 
establishing  from  sailors'  reports  the  German  pattern  of  mine-laying 
at  sea.  One  of  them  went  on  a  field  trip  and  discovered  that  reported 
ranges  and  bearings  were  unreliable;  only  the  question  of  whether  the 
mine  was  to  the  port  or  starboard  was  reliably  answered.  With  this 
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discovery,  he  solved  the  problem  while  his  counterpart  became  bogged 
in  a  mire  of  meaningless  data.  The  point  is  that  by  actual  field 
interviews  one  may  get  some  idea  of  what  happened,  but  under  no 
circumstances,  simply  because  a  witness  says  (or  is  reported  to  have 
said)  that  he  saw  a  cigar-shaped  object,  should  one  assume  that  a 
cigar-shaped  object  was  really  there 

This  well  known  rule  applies  in  many  other  fields  of  investigation. 
Jones  states:  "I  have  made  this  discursion  into  some  of  my  war 
experiences  because  it  is  relevant  to  the  flying  saucer  story  in  that 
it  illustrates  the  difficulty  of  establishing  the  truth  from  eyewitness 
reports,  particularly  when  events  have  been  witnessed  under  stress.  I 
do  not,  of  course,  conclude  that  eyewitness  reports  must  be  discarded; 
on  the  contrary,  excluding  hoaxers  and  liars,  most  witnesses  have 
genuinely  seen  something,  although  it  may  be  difficult  to  decide  from 
their  descriptions  what  they  really  had  seen." 

There  is  still  another  problem:  even  if  reliable  reports  are 
prepared,  communication  among  investigators  is  so  poor  that  the  reports 
may  not  be  read.  Scientific  journals  have  rejected  careful  analyses 
of  UFO  cases  (apparently  in  fear  of  initiating  fruitless  controversy) 
in  spite  of  earlier  criticism  (in  the  journals'  own  pages  I )  that 
the  problem  is  not  discussed  in  the  scientific  literature.  Even  at 
the  most  responsible  levels,  communication  is  poor.  The  House  Commit¬ 
tee  on  Science  and  Astronautics,  in  its  29  July  1968  hearings,  received 
accounts  of  allegedly  mysterious  cases  that  already  were  among  the 
best-explained  of  those  studied  by  the  Colorado  UFO  Proiect. 

In  order  finally  to  demonstrate  the  very  poor  manner  in  which 
the  UFO  problem  has  been  presented  in  the  past,  primarily  in  the 
popular  literature,  condider  two  imaginary  accounts  that  could  be 
written  of  the  Zond  IV  re-er.trv,  one  by  a  sensationalizing,  but  per¬ 
haps  sincere  reporter,  and  one  b’  a  more  sober  investigator.  Of  course 
each  reporter  can  back  up  his  story  with  taped  interviews  and  sketches . 

A  fantastic  cigar-shaped  ob-  Although  there  was  some 

ject  that  entered  the  earth's  at-  preliminary  uncertainty  in 

mosphere  from  space  on  3  March  1968  Air  Force  circles  as  to  the 
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is  unidentified.  Although  some  Air 
Force  officials  attempted  to  pass  it 
off  as  a  satellite  re-entry,  exprain- 
ation  of  the  official  Air  Force 
papers  indicates  a  reluctance  to 
identify  it  with  any  known  space¬ 
craft. 

The  absurdity  of  the  satellite 
explanation  is  proved  by  the  reports 
of  the  witnesses  who  got  the  best 
look  at  the  object.  Witness  after 
witness  described  the  object  as 
cigar- shaped,  with  a  row  or  rows 
of  windows  and  a  flaming  exhaust. 
Several  others  mentioned  saucer¬ 
shaped  lights  visible  as  the  craft 
flew  overhead.  Many  observers, 
who  apparently  did  not  get  such 
a  good  look  at  the  mysterious 
craft,  merely  described  a  strange 
formation  of  lights. 

There  is  little  doubt  that 
the  craft  came  from  space.  The 
probability  that  it  was  under 
powered  flight  is  raised  not  only 
by  the  exhaust  but  also  by  several 
observers  who  saw  it  change  direc¬ 
tion. 

This  event,  witnessed  by 
hundreds,  in  many  states  pro¬ 
vides  one  of  the  best  proofs 
yet  that  some  kind  of  strange 
airships  have  invaded  our  at¬ 
mosphere. 


nature  of  the  bolide  of  3  March 
1968,  after  several  days  study 
of  the  reports  it  became  clear 
that  the  event  was  a  satellite 
re-entry.  This  was  confirmed 
some  months  later. 

While  the  re-entry  was 
confirmed  by  the  bulk  of  the 
actual  observations ,  it  was 
badly  misinterpreted  by  several 
excited  witnesses,  who  wrote 
the  longest  reports  and  des¬ 
cribed  the  object  as  cigar¬ 
shaped.  There  was  a  tendency 
for  some  observers  to  inter¬ 
pret  the  string  of  disintetrating 
meteors  as  windows  in  a  dark 
craft.  Still  others  interpreted 
the  yellowish  tails  of  the 
objects  as  exhausts.  Such  mis¬ 
conceptions  were  widely  scattered 
but  in  the  minority. 

Entering  the  atmosphere, 
the  satellite  grew  incandescent 
and  began  to  disintegrate  into 
dozens  of  pieces,  each  moving 
at  its  own  speed  because  of  drag. 
Autokinesis  effects  were  not 
uncommon  among  the  ground  ob¬ 
servers,  as  the  objects  appeared 
as  slowly  moving  light  sources 
in  the  dark  sky. 
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8.  Reports:  The  Credible  Number  of  "Flying  Saucers" 

Most  readers  of  this  report  will  perhaps  be  convinced  that  alien 
spaceships  or  some  other  unknown  phenomena  can  be  involved  in  only  a 
very  small  percentage  of  all  UFO  reports  or  perhaps  in  none.  Yet  there 
is  a  curious  tendency  on  the  part  of  many  students  of  the  problem  to 
imply  that  the  sheer  number  of  reports  somehow  proves  that  there  must 
be  some  physical  reality  involved.  For  example,  J,  E.  McDonald  (1968) 
argues  before  the  House  Committee  on  Science  and  Astronautics,  in  a 
one-paragraph  statement  on  witness  credibility:  "...  It  seems 
tedious  to  enlarge  here  on  those  obvious  matters.  One  can  be  fooled 
of  course;  but  it  would  be  rash  indeed  to  suggest  that  the  thousands 
of  UFO  reports  now  on  record  are  simply  a  testimony  to  confabulation, 
as  will  be  better  argued  by  some  [selected  cases]."  Jones,  who  argues 
against  the  probability  of  any  substantial  number  of  flying  saucers, 
says:  "There  have  been  so  many  flying  saucers  seen  by  now,  if  we  were 
to  believe  the  accounts,  that  surely  one  of  them  must  have  broken  down 
or  left  some  trace  of  its  visits.  It  is  true  that  one  can  explain 
the  absence  of  relics  by  supposing  .  .  .  fantastic  reliability  .  .  ." 

It  would  seem  to  me  that  if  one  begins  by  studying  both  witness 
reliability  and  selected  cases,  and  if  one  thereby  realizes  that  it  is 
quite  conceivable  and  probable  for  the  great  bulk  of  reports  to  be 
simple  mistakes  and  fabrications,  then  arguments  invoking  the  enormous 
number  of  reports  become  irrelevant.  We  are  concerned  by  only  a  small 
"residual"  of  puzzling  reports. 

This  raises  another  approach  to  the  UFO  "residual"  reports.  We 
could  attempt  to  answer  the  question:  what  is  tne  maximum  frequency 
of  spaceships  that  could  actually  have  penetrated  our  airspace  and 
still  leave  us  with  such  meager  evidence  as  we  have  for  their  existence? 
Obviously  if  a  30-ft.  metal  disk  hovered  over  the  Capitol  for  some 
hours,  we  would  have  a  multitude  of  photos,  video  tapes,  and  other 
hard  evidence  from  different  observers  in  different  positions. 

Some  measure  of  public  reaction  to  spectacular  and  unfamiliar 
celestial  phenomena  can  be  gained  from  study  of  fireball  reports.  Six 
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spectacular  fireballs  were  studied  to  this  end  using  analyses  by  C.  P. 
Olivier  of  the  American  Meteor  Society  (1962,  1963,  1967)  and  reports 
in  Sky  and  Telescope.  Among  these,  the  longest  duration  was  only  31 
sec.  for  the  25  April  1966  object;  yet  even  for  an  object  of  such 
short  duration,  a  number  of  photographs  were  made.  In  other  cases, 
dust  trains  of  duration  up  to  17  min.  were  photographed  and  widely 
reported.  The  Zond  IV  observations  are  also  applicable.  These  data 
permit  estimates  of  the  frequency  of  both  visual  and  photographic 
reports . 

The  fireballs  were  brighter  than  the  full  moon  in  most  cases. 

Often  they  appeared  not  as  point  sources,  but  as  a  disk  about  half 
the  size  of  the  moon.  Some  of  them  were  bright  enough  to  attract  the 
attention  of  persons  indoors;  some  of  them  were  accompanied  by  thunder¬ 
like  explosions.  All  attracted  national  publicity.  In  short,  they 
are  remarkable  enough  to  have  attracted  attention  and  photographs,  and 
are  thus  considered  comparable  to  hypothetical,  well-observed  "flying 
saucers"  in  public  response. 

The  analysis  must  take  into  account  the  number  of  inhabitants  in 
the  area  of  visibility  as  well  as  the  duration  of  visibility.  We  may 
call  the  product  of  the  number  of  inhabitants  times  the  duration,  the 
"exposure"  of  the  phenomenon.  We  can  ask  how  the  total  number  of  actual 
witnesses  is  related  to  the  exposure. 

For  short-period  durations  (a  few  minutes)  it  is  reasonable  to 
expect  that  the  number  of  witnesses  (a  fraction  of  the  number  of 
inhabitants)  would  be  proportional  to  the  exposure.  This  can  also 
be  assumed  about  the  number  of  detailed  reports  recovered  by  investi¬ 
gators  who  solicit  them,  and  about  the  number  of  photographs.  In  the 
fireball  and  Zond  IV  cases  there  are  data  giving  number  of  witnesses, 
number  of  recovered  reports,  or  number  of  photographs.  Thus,  if  N 
is  the  total  number  of  inhabitants,  and  t  is  the  duration  of  the  event 
(sec.),  we  have  a  first-order  theory  of  the  form 

no.  witnesses  =  N  =  C  Nt, 
w  w 
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no.  recovered  reports  =  =  CrNt, 

no.  recovered  photographs  =  =  C^Nt. 

It  is  possible  to  identify  the  proportionality  constant,  C  from  the 
reports  mentioned  above.  Derived  values  are  listed  in  Table  4.  The 
constant  1/C  has  dimensions  man-sec/witness  (or  /report,  /photographer). 
For  example,  the  Air  Force  files  on  Zond  IV  yield  78  reports  for  a  two- 
minute  phenomenon  visible  from  a  region  inhabited  by  an  estimated 
23,000,000  persons,  giving  3.5  x  10^  man- sec  to  generate  one  report. 

It  is  clear  that  the  number  of  photographs  generated  will  depend 
on  the  duration  of  the  phenomenon  in  a  more  complex  way  than  indicated 
in  our  simple  equation,  since  with  durations  longer  than  some  limit, 
more  witnesses  will  have  time  to  obtain  a  camera.  In  this  approximate 
and  first-order  treatment,  this  complication  is  neglected. 

Application  of  Table  4  can  be  illustrated  by  the  fireball  reports. 
The  original  data  suggest  about  500  reports  in  five  years  for  these 
very  bright  objects.  We  assume  that  the  average  fireball  is  visible 
roughly  10  sec.  These  figures  allow  us  to  solve  the  equation  (cited 
above)  for  the  number  of  inhabitants  through  whose  skies  pass  fire¬ 
balls  in  five  years.  If  it  takes  6  x  106  man-sec.  to  generate  one 
report  (Table  4  )(  then  the  fireballs  must  have  been  exposed  to  about 
300,000,000  people.  This  figure  is  expected  to  be  accurate  to  some¬ 
thing  better  than  an  order  of  magnitude.  That  is,  every  citizen  of  the 
United  States  evidently  has  such  a  fireball  in  his  sky  about  once  every 
few  years  (whether  or  not  he  is  outside  and  sees  it).  This  is  in  good 
accord  with  known  data  -  Vedder's  (1966)  estimate  of  the  flux  of  meteors 
of  magnitude  -15  is  one  every  three  to  four  years  over  an  area  of  the 
size  of  the  United  States. 

The  question  before  us  is  how  many  of  the  UFO  reports  could 
correspond  to  real  objects  in  view  of  the  available  data.  Is  a 
"residual"  of  even  2%  of  the  cases  reasonable?  We  have  three  relevant 
statistics:  (1)  National  opinion  surveys  indicate  that  roughly  5  x  10^ 

persons  of  the  total  U.  S.  population  believe  they  have  seen  UFOs  in 
20-year  interval  since  they  were  first  reported.  If  2%  of  these  represent 


/'  r  W'ys'  Pfryv 


Table  4 

Response  to  Unusual  Aerial  Objects* 


Fireball 

Date 

17  November  1955 

16  January  1961 

23  April  1962 

25  March  1963 

9  December  1965 

25  April  1966 

3  March  1968 

Adopted 

value 


Location 


France 
California 
New  Jersey 
Maryland 
Michigan 
New  York 
(Zond  IV) 


5.0  x  10 


3.1  x  10' 


6.0  x  10 


1.5  x  10 
9.1  x  101 

5.3  x  10( 

5.4  x  10f 

3.5  x  10' 
6  x  10€ 


6.0  x  10' 


<  1.2  x  10J 

<  4.0  x  10* 


5  x  10' 


•'These  figures  are  understood  to  apply  only  to  short-duration 
sightings,  since,  obviously,  by  extending  the  duration  one 
cannot  obtain  more  witnesses  than  the  number  of  inhabitants. 
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really  strange  unknowns,  we  should  have  1  x  10^  witnesses.  (2) 

There  have  been  roughly  15,000  recovered  cases,  representing  perhaps 
45,000  individuals'  reports.  A  2%  residual  would  give  900  reports  of 
unknowns.  (3)  The  project  study  suggests  that  the  "residual" 
photographs  of  unidentifieds  number  of  the  order  of  20. 

Combining  these  three  statistics  with  the  three  constants  from 

Table  4  we  derive  three  independent  estimates  of  the  total  :  ber  of 

citizens  exposed  to  the  "high-strangeness  residual  UFOs"  in  the  last 

7  8  9 

20  years;  viz.,  2  x  10  ;  1  x  10  ;  and  2  x  10  .  It  can  be  s  that 
the  accuracy  is  no  better  than  an  order  of  magnitude.  Howev  ,  taking 
200,000,000  persons  as  a  representative  value,  the  implicit*.  us  are 
clear.  TTie  results  suggest  that  merely  to  generate  the  2%  residual, 
every  person  in  the  country  has  had  an  UFO  visible  above  his  horizon 
once  in  the  last  20  years. 

Of  course,  since  most  man-hours  in  this  country  are  spent  indoors, 
or  asleep,  or  paying  no  attention  to  the  sky,  it  is  not  surprising  that 
very  few  people  have  reported  seeing  such  craft.  But  taking  into 
account  the  array  of  automatic  surveillance  equipment  operating  in  this 
country,  it  does  border  on  the  incredible  that  the  "hard"  evidence 
should  be  so  scanty.  The  statistic  is  similar  to  the  five-year  statistic 
for  bright  fireballs,  and  although  the  "evidence  gathered  over  in 
arbitrary  five-year  time  span  for  the  existence  of  bright  fireballs" 
is  similar  to  that  gathered  over  20  years  for  "flying  saucers"  the 
"fireball  evidence"  is  perhaps  more  convincing  :  it  includes  detection 
by  automatic  survey  cameras,  large  numbers  of  witnesses  per  incident, 
and  more  reliable  witnesses.  To  accept  as  many  as  2%  residual  cases 
as  examples  of  extraordinary  aircraft,  then,  is  to  accept  that  an  UFO 
could  fly  around  the  country  in  such  a  way  as  to  be  potentially  visible 
to,  or  in  the  sky  of,  every  citizen  for  40  sec.  without  being  positively 
recorded  or  conclusively  reported. 

9.  Conclusions 

As  we  have  already  stated,  some  students  of  the  UFO  problem  have 
used  the  argument,  either  directly  or  by  implication,  that  where  there 
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is  so  much  smoke  there  must  be  some  fire,  i.e.  that  some  of  the  UFO 
reports  must  involve  truly  extraordinary  phenomena  such  as  alien  space¬ 
ships  or  unknown  meteorological  effects.  Hus  chapter  is  addressed 
to  the  question:  is  it  conceivable  and  defensible  that  all  of  the  UFO 
reports  could  result  from  mistakes,  illusions,  unusual  conditions,  and 
fabrications? 

The  answer  appears  clearly  affirmative,  although  we  claim  no 
proof  that  all  reports  can  be  so  explained.  We  have  looked  at  a  three- 
stage  process:  a  perception  is  received  of  some  unusual  apparition; 
a  conception  is  created  by  interpreting  the  percept  and  combining  it 
with  prior  concepts;  a  report  is  eventually  made  to  an  investigator 
or  on  some  public  document.  Each  step  introduces  possibilities  for 
error. 

The  number  of  phenomena  and  combinations  of  phenomena  that  can 
produce  unusual  percepts  is  so  enormous  that  no  investigation  can 
begin  with  an  a  priori  list  of  explanations  and  expect  to  match  one 
to  each  case.  The  variety  is  effectively  infinite  and  it  must  be 
realized  that  in  effect  the  investigator  is  asking  for  a  report  each 
time  an  unusual  percept  is  generated.  Obviously,  this  will  be  fre¬ 
quent  . 

Our  data  demonstrates  beyond  question  not  only  that  weird  and 
erroneous  concepts  are  widely  formed,  but  also  that  these  erroneous 
concepts  are  often  precisely  those  that  show  up  in  the  UFO  phenomenon. 
Perhaps  as  a  result  of  their  popularization  in  the  UFO  literature, 
the  phenomenon  feeds  on  itself  to  a  certain  extent. 

Finally,  the  reporting  processes  are  demonstrably  such  that  very 
low  signal-to-noise  ratio  is  generated.  That  is,  certain  social  forces 
conflict  with  clear,  concise,  and  thorough  presentation  of  UFO  reports. 
Sarcasm  is  employed  at  the  expense  of  logic.  A  whole  body  of  literature 
exists  by  virtue  of  the  sensational  aspects  of  the  problem. 

In  conclusion,  it  appears  that  the  number  of  truly  extraordinary 
events,  i.e.  sightings  of  alien  spaceships  or  totally  unknown  physical- 
meteorological  phenomena,  can  be  limited  to  the  range  0-2%  of  all  the 
available  reports,  with  0  not  being  excluded  as  a  defensible  result. 
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Chapter  3 

Psychological  Aspects  of  UFO  Reports 
Mark  W.  Rhine 

Scientists  investigating  the  phenomena  of  unidentified  flying 
objects  have  been  faced  with  an  unusual  dilemma:  in  the  absence  of 
any  "hard  data"  to  evaluate,  such  as  a  fragment  from  an  UFO  or  an 
actual  visitor  from  outer  space,  the  scientist  is  confronted  with 
the  question  of  abandoning  the  entire  investigation  or  of  relying 
on  eye-witness  reports,  a  notoriously  unreliable  source  of  information. 
The  scientist  is  most  comfortable  with  data  which  can  be  replicated 
and  validated  by  repeated  experiment  and  which  his  colleagues  can 
confirm. 

One  way  out  of  such  a  dilemma  is,  of  course,  to  deal  only  with 
"hard  data"  and  to  reject  eye-witness  reports,  with  the  rationaliza¬ 
tion  that  such  reports  are  liable  to  distortion,  cannot  be  "proved," 
or  are  apt  to  come  from  "crackpots."  Such  an  attitude  is  as  harmful 
to  the  pursuit  of  truth  as  is  that  which  is  uncritically  willing  to 
accept  any  eye-witness  report.  An  open-minded  investigator,  honestly 
endeavoring  to  understand  UFO  phenomena,  cannot  dismiss  eye-witness 
reports,  which  to  date  represent  the  only  information  he  has.  Neither 
i.an  he  accept  such  reports  without  scrutiny,  for  there  are  many  possi¬ 
bilities  for  error  and  distortion.  An  initial  attitude  of  "benevolent 
skepticism,"  as  suggested  by  Walker  (1968)  in  his  excellent  article 
on  establishing  observer  creditability,  seems  appropriate  to  the 
evaluation  of  eye-witness  observations. 

Perception  is  an  extraordinarily  complex  process  by  which  people 
select,  organize,  and  interpret  sensory  stimulation  into  a  meaningful 
picture  of  the  world  (Berelson,  1964)  .  Perception  is  more  than  just 
raw  sensory  data;  it  compromises  the  selection  and  interpretation  of 
this  data,  and  it  is  just  in  this  evaluation  of  sensations  that 
distortions  are  likely  to  occur  which  may  render  one  person's  perception 
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of  an  event  quite  different  than  his  neighbor's.  There  are  three  broad 
sources  of  error  in  reporting  which  are  of  significance  to  UFO  research: 

1)  real  stimuli  which  are  mis  identified  (see  Section  VI,  Chapter  1  and 

2) ;  2)  unreal  stimuli  perceived  as  real;  and  3)  deliberate  falsification. 

1 .  Errors  resulting  from  mis  identification  of  real  stimuli 

Optical  illusions  and  the  fact  that  the  mind  is  apt  to  "play  tricks" 
are  well  known.  The  moon  on  the  horizon  appears  larger  than  when  it  is 
higher  in  the  sky.  A  stick  in  the  water  seems  to  be  bent.  Guilford 
(1929)  showed  that  a  small  stationary  source  of  light  in  a  dark  room 
will  appear  to  move  about  (the  autokinetic  effect).  "Floaters"  in  the 
lens  of  the  eye  are  perceived  as  "spots"  in  the  air.  The  following 
lines  look  to  be  of  different  lengths: 

< — > 

> - < 

Measuring  shows  them  to  be  exactly  the  same  length. 

These  are  perceptual  distortions  which  are  experienced  by  every¬ 
one.  Other  distortions  may  be  peculiar  to  the  individual  because  of 
his  own  psychological  needs .  It  is  common  knowledge  that  "beauty  is 
in  the  eye  of  the  beholder."  Poor  children  are  more  apt  to  overestimate 
the  size  of  coins  than  are  rich  children  (Bruner,  1947).  Bruner 
showed  that  coins  marked  with  a  dollar  sign  were  rated  larger  in  size 
than  equal  coins  marked  with  a  swastika  (Bruner,  1948).  The  psychological 
literature  is  full  of  reports  of  similar  distortions  of  size,  distance, 
and  time  and  their  relationship  to  individual  emotional  characteristics 
(Erikson,  1968;  Forgus,  1966;  Vernon,  1962).  The  concept  of  peroeptual 
defense  is  used  by  psychologists  to  characterize  the  unconscious,  ten¬ 
dency  of  people  to  omit  perceiving  what  they  do  not  want  to  peiceive 
(Erikson,  1968).  Volunteers  were  more  apt  to  recognizo  emotionally 
neutral  words  than  emotionally  laden  words  when  they  were  briefly  flashed 
on  a  screen  (McGinnies,  1958). 
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All  the  above  errors  in  perception  occur  in  "normal"  people  in 
everyday  situations.  Some  types  of  perceptual  distortions  are  known 
to  occur  to  normal  people  under  extraordinary  circumstances.  Pilots, 
under  the  influence  of  rapid  acceleration,  diving,  etc.  may  incur 
perceptual  problems  because  of  physiological  changes  which  must  be 
taken  into  account  in  evaluation  of  their  sightings  (Clark,  1957).  In 
some  delirious  or  toxic  states  (for  example,  resulting  from  pneumonia, 
drug  ingestion,  alcohol  withdrawal),  the  patient  will  misidentify  a 
stimulus.  The  example  of  a  patient  calling  the  doctor  or  nurse  by  the 
name  of  some  friend  or  relative  is  quite  common.  Emotionally  disturbed 
persons  are  more  apt  to  misperceive  than  are  more  balanced  individuals, 
but  it  should  be  emphasized  that  numerous  distortions  can  afflict  even 
the  most  "normal"  individual  and  unwittingly  bias  his  reports. 

2 .  Errors  resulting  from  perception  of  unreal  stimuli  as  real 

Such  errors  may  be  the  result  of  psychopathology,  as  with  the 
hallucinations  of  the  psychotic.  Unable  to  distinguish  his  inner 
productions  from  outer  reality,  he  reports  them  as  real.  Anyone  who 
has  awakened  abruptly  from  a  dream  not  knowing  where  he  is  or  whether 
or  not  he  has  been  dreaming  will  recognize  this  feeling,  which  in  the 
cl  otic  persists  in  the  waking  state,  as  if  the  psychotic  were  living 
in  a  waking  dream.  Such  states  may  occur  in  healthy  people  under 
conditions  of  sensory  deprivation:  lone  sailors  have  reported  imaginary 
helmsmen  who  accompany  them,  poliomyelitis  victims  living  in  iron  lungs 
have  experienced  hallucinations  and  delusions,  often  resembling  travel¬ 
ing  in  vehicles  resembling  the  respirator.  Pilots  may  show  detachment 
and  confusion,  (Clark,  1957)  and  long-distance  truck  drivers  may  develop 
inattention,  disorientation,  and  hallucinations  (McFarland,  1957).  Radar 
operators  show  serious  lapses  of  attention  (Mackworth,  1950).  Such 
possibilities  must  be  considered  in  evaluating  the  reports  of  isolated 
people.  Isolation  experiments  have  shown  the  development  of  hallucina¬ 
tions  in  normal  subjects.  For  an  extensive  review  of  this  subject, 
see  Ruff  (1966).  Such  errors  may  also  occur  in  children,  in  suggestible 
people,  in  persons  of  low  intelligence,  and  in  those  subject  to  visions. 
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3.  Deliberate  falsification 


People  with  serious  character  pathology  may  lie  for  many  reasons: 
fame,  notoriety,  attention,  money.  They  constitute  a  problem  not  only 
to  UFO  research  but  to  the  courts.  An  example  of  this  type  of  person 
is  the  man  who  confesses  to  a  crime  which  he  did  not  commit. 

4.  The  crowd  effect 

The  above  examples  suggest  some  of  the  many  sources  of  distortion 
in  the  perceptions  of  individuals.  Put  two  or  more  individuals  together, 
and  the  possibilities  for  distortion  multiply.  "Mass  hysteria"  is  a 
familiar  concept.  Charles  Mackay  (1967)  wrote  a  lengthy  volume  in  1841 
entitled  Extraordinary  Popular  Delusions  and  the  Madness  of  Crouds  in 
which  he  recounted  many  of  the  popular  follies  through  the  ages.  Two 
incidents  are  of  particular  interest  to  UFO  investigators  because  they 
show  clearly  the  role  of  crowd  psychology  in  times  of  imminent  disaster  : 
one  is  the  great  London  panic  of  1524  in  which  thousands  left  the  city 
to  avoid  a  great  flood  which  a  fortune-teller  predicted  and  which,  of 
course,  never  occurred;  the  other  concerns  an  epidemic  plague  which 
afflicted  Milan  in  1630;  the  populace  attributed  the  disaster  to  the 
Devil  (the  germ  theory  was  still  several  centuries  off),  and  one  indi¬ 
vidual,  brooding  over  the  calamity  until  "he  became  firmly  convinced 
that  the  wild  flights  of  his  own  fancy  were  realities,"  related  being 
swept  through  the  streets  in  an  air-borne  chariot,  accompanied  by  the 
Devil.  Mackay  notes  in  his  foreword  that  "the  present  [volume]  may  be 
considered  more  a  miscellany  of  delusions  than  a  history--a  chapter 
only  in  the  great  and  awful  book  of  human  folly  which  yet  remains  to 
be  written,  and  which  Porson  once  jestingly  said  he  would  write  in  500 
volumes."  One  wonders  if  future  historians  may  laugh  as  readily  at  our 
concerns  about  UFOs  as  we  can  about  the  London  panic  or  the  attempts  to 
explain  the  plague  of  Milan. 

Sharif  (1935)  demonstrated  in  a  classic  experiment  the  influence 
people  have  on  one  another's  perceptions.  He  had  a  group  of  people 
observe  a  stationary  light  (such  as  Guilford  used)  in  a  darkened  room. 
Although  stationary,  the  light  appeared  to  move,  and  in  a  different 
direction  to  each  observer.  The  members  of  the  group  were  able  to 
eventually  reconcile  the  initially  divergent  perceptions,  and  to  agree 
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in  what  direction  the  light  was  "moving."  Such  ability  to  check  out 
one's  impressions  with  others  and  to  get  feedback  is  a  healthy  mechanism 
and  accounts  for  one  of  the  ways  in  which  we  confirm  our  perceptions. 

The  unavailability  of  this  mechanism  may  account  for  some  of  the  misper¬ 
ception  that  occurs  under  conditions  of  sensory  deprivation. 

Although  "feedback"  from  others  is  usually  a  healthy  mechanism  leading 
to  a  correction  of  misperceptions,  under  certain  conditions  it  may  lead 
to  an  exaggeration  of  faulty  perceptions  and  to  "mass  hysteria."  One  of 
the  best  known  examples  in  recent  times  was  the  "invasion  from  Mars"  in 
1938,  when  Orson  Welles’  radio  broadcast  of  a  science -fiction  drama  had 
thousands  of  listeners  from  coast-to-coast  in  a  state  of  panic  because 
they  believed  the  Martians  were  really  invading  the  earth  and  that  the 
end  of  the  world  was  at  hand.  Cantril's  study  (1966)  of  this  incident, 
subtitled  A  Study  in  the  Psychology  of  Paniot  makes  fascinating  reading. 

He  feels  the  anxieties  of  the  times,  the  economic  depression,  and  the 
imminent  threat  of  war  set  the  stage  for  the  panic.  He  examines  the 
psychological  factors  which  made  some  people  believe  the  broadcast  to 
be  true,  whereas  others  regarded  it  as  fiction  or  were  able  to  ascertain 
what  was  happening  (by  checking  other  stations,  phoning  the  police  or 
newspapers,  etc.).  The  believers  seemed  to  have  a  "set,"  a  preconceived 
notion  that  God  was  going  to  end  the  world,  that  an  invasion  was  imminent, 
or  had  some  fanciful  notions  about  the  possibilites  of  science.  When 
they  heard  the  broadcast,  they  immediately  accepted  it  as  proving  what 
they  had  already  believed,  and  tended  to  disregard  any  evidence  which 
might  disprove  their  immediate  conclusions.  Others  showed  poor  judgment 
in  checking  out  the  show,  using  unreliable  sources  of  confirmation  and 
accepting  their  statement  that  the  broadcast  was  real.  Others,  with  no 
standard  of  judgment  of  their  own,  accepted  without  question  what  the 
radio  said.  Cantril  concludes  (p.  138)  that  this  susceptible  group  is 
characterized  by: 

a  certain  feeling  of  personal  inadequacy.  The  indi¬ 
vidual  is  unable  to  rely  on  his  own  resources  to  see 
him  through  .  .  .  [he]  believes  his  life  and  fate  are 


980 


i 


! 


* 


very  largely  dependent  on  some  focus  beyond  his 
control,  or  on  the  whim  of  some  supernatural  being. 

All  this  adds  up  to  an  intense  feeling  of  emotional 
insecurity,  one  which  is  likely  to  be  augmented  as 
the  situation  surrounding  the  individual  appears  more 
and  more  threatening  .  .  .  [he]  will  be  highly 
susceptible  to  suggestion  when  he  is  face-to-face 
with  a  situation  that  taxes  his  own  meager  self- 
reliance  .  .  .  whatever  critical  ability  a  person 
may  normally  have,  it  is  ineffective  if  in  any  given 
situation  his  emotional  securities  are  so  great  that 
they  overwhelm  his  good  judgment.  Such  situations 
are  likely  to  be  those  where  the  individual  himself 
or  something  dear  to  him  are  threatened. 

Another  relevant  study  in  social  psychology  is  The  June  Bug:  A 
Study  of  Hysterical  Contagion  (Kerckhoff,  1968).  This  is  an  account  of  a 
mysterious  illness,  manifested  by  nausea  and  a  generalized  rash,  which 
afflicted  some  of  the  workers  in  a  southern  textile  mill  and  was  popu¬ 
larly  attributed  to  the  bite  of  an  insect.  The  insect  turned  out  to 
be  non-existent  and  the  symptoms  were  considered  to  be  "hysterical." 

Only  workers  from  one  division  of  the  factory  were  afflicted;  the 
authors  attributed  the  epidemic  to  the  frustration  and  strain  of  a 
work  situation  (peculiar  to  the  division  in  which  the  afflicted  employees 
worked)  from  which  there  was  no  socially  legitimate  way  to  escape. 

The  June  Bug  contains  an  extensive  review  of  the  literature  of 
"hysterical  contagion,"  which  is  defined  as  "the  dissemination  of  symptoms 
among  a  population  in  a  situation  where  no  manifest  basis  for  the  symptoms 
may  be  established,"  and  where  "a  set  of  experiences  or  behaviors  which 
are  heavily  laden  with  the  emotion  of  fear  of  a  mysterious  force  arc 
disseminated  through  a  collectivity  .  .  .  [it  is]  inexplicable  in  terms 
of  the  usual  standards  of  mechanical,  chemical,  or  physiological  causality." 
Smelser  (1963)  is  quoted  as  defining  a  hysterical  belief  as  one  "empowering 
an  ambiguous  element  in  the  environment  with  a  generalized  power  to  destroy." 
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The  possibility  of  hysterical  contagion  must  be  kept  in  mind  in 
the  evaluation  of  some  UFO  sighting  reports. 

The  psychiatric  literature  on  UFOs  should  be  mentioned  briefly. 

In  comparison  with  the  vast  popular  literature,  the  psychiatric  literature 
is  surprisingly  scant.  The  only  extensive  work  of  which  this  author  is 
aware  is  a  volume  by  the  late  Swiss  psychoanalyst,  C.  G.  Jung,  entitled 
Flying  Saucers:  A  Modem  Myth  of  Things  Seen  in  the  Skies  (1959) . 

Noting  the  tendency  to  welcome  news  about  "saucers"  and  to  suppress 
skepticism  Jung  raises  the  interesting  question  "why  should  it  be  more 
desirable  for  saucers  to  exist  than  not?"  He  feels  that  tf  eir  appear¬ 
ance  since  World  War  II  is  a  reflection  of  the  anxieties  of  a  nuclear 
age,  in  which  man  possesses  the  capability  of  actually  destroying  the 
world.  Saucers  may  represent  man's  anxiety  that  the  end  of  the  world 
is  here,  or  may  represent  a  superhuman  source  of  salvation.  Historically, 
man's  anxiety  and  his  quest  for  salvation  have  been  projected  in  many 
legendary  and  religious  forms,  but  in  an  era  of  rapid  technological  and 
scientific  advance  including  space  flight,  it  is  not  suprising  to  find 
"scientific"  rather  than  religious  imagery.  Other  authors  have  mentioned 
the  anxieties  of  the  nuclear  age  and  the  personal  search  for  magic  as 
contributing  to  some  of  the  belief  in  UFOs  (Meerloo,  1968). 

5.  Medical  and  psychological  techniques 

It  is  clear  that  there  are  many  factors  which  may  influence  percep¬ 
tions  and  reporting.  The  investigator  must  be  aware  of  possible  sources 
of  subjective  interpretation  by  witnesses  which  may  complicate  the 
problem  of  arriving  at  the  truth  about  UFOs.  How  can  the  investigator 
minimize  such  subjective  error?  Walker's  recommendations  on  establish¬ 
ing  observer  creditability  are  excellent.  He  examines  in  detail  the 
anatomic,  physiologic,  and  psychological  factors  influencing  perception 
and  their  many  aberrations,  and  recommends  a  detailed  medical,  ophthal- 
mological,  and  a  neurological  examination,  and  in  those  individuals  who 
show  no  organic  impairment,  a  full  psychiatric  interview.  The  testimony 
of  any  observer  who  shows  no  significant  medical  or  psychological  con¬ 
ditions  which  might  distort  perception  or  interpretation  must  gain  in 
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creditability.  I  would  suggest  that,  in  addition  to  Walker's  detailed 
recommendations,  the  use  of  psychological  testing  (expecially  projective 
tests  such  as  the  Rorschach  and  the  Thematic  Apperception  Test)  be  used 
when  recommended  by  the  psychiatrist.  A  psychiatric  interview,  if  made 
a  routine  part  of  the  evaluation  of  observers,  should  carry  no  social 
stigma. 

Two  adjuncts  to  the  psychiatric  evaluation  must  be  mentioned.  The 
polygraph  (lie  detector)  may  occasionally  be  used  where  deliberate  falsi¬ 
fication  is  suspected.  The  test  is  useful,  but  not  fool-proof.  The 
use  of  hypnosis  has  been  reported  in  at  least  one  of  the  popular 
accounts  of  UFO  sightings  to  establish  the  "truth"  of  the  observations 
(Fuller,  1966).  Statements  made  under  hypnosis  are  gradually  acquiring 
greater  legal  acceptability  (Katz,  1967;  Bryan,  1962),  but  the  fact 
remains  that  neither  the  evidence  adduced  from  the  use  of  a  polygraph 
nor  that  obtained  by  hypnotic  techniques  can  be  relied  upon  as  probative. 
Hypnosis  has  nothing  to  contribute  to  the  routine  evaluation  of  the 
creditability  of  the  eye-witness.  While  it  may  occasionally  be  useful 
as  a  source  of  information,  is  cannot  be  used  as  a  way  of  proving  that 
the  witness  is  telling  the  truth.  Sometimes  hypnosis  can  aid  in 
bringing  to  conscious  awareness,  material  that  has  been  repressed.  But 
persons  who  cannot  distinguish  their  fantasies  from  reality  will,  under  hyp¬ 
nosis  only  reveal  more  of  the  same  fantasies.  Their  productions  under  hypnotic 
trance  will  demonstrate  only  that  their  reports  are  "real"  to  them,  even  though 
they  may  not  in  fact  have  any  basis  in  objective  reality.  Wolberg  (1966)  states 
It  is  essential  not  to  take  at  face  value 
memories  and  experiences  recounted  in  the  trance. 

Generally,  the  productions  elaborated  by  a  person 
during  hypnosis  are  a  fusion  of  real  experiences 
and  fantasies.  However,  the  fantasies  in  them¬ 
selves  are  significant,  perhaps,  even  more  than 
the  actual  happenings  with  which  they  are  blended. 

Asking  a  patient  to  recall  only  real  events  or 
to  verify  the  material  as  true  or  false,  reduces 
but  does  not  remove  the  element  of  fantasy. 


f'  r?  •  n.w . 


In  addition  to  the  evaluation  of  individual  observers,  it  would 
seen  wise  in  future  investigations  to  make  use  of  sociologists  and 
psychologists  in  those  cases  where  more  than  one  person  has  made  a 
sighting,  to  rule  out  the  possibility  of  hysterical  contagion,  as  well 
as  to  contribute  to  our  knowledge  of  this  condition.  There  should  be 
opportunity  to  investigate  both  people  who  sight  UFOs  and  those  who 
do  not. 

This  chapter  raises  more  questions  than  it  answers.  There  are 
many  interesting  psychological  questions:  Why  have  some  fervid  "be!  .evers" 
in  UFOs  never  seen  one?  Why  do  some  persons  who  see  an  UFO  regard  it 
as  simply  an  unidentified  aerial  phenomenon,  while  others  are  sure  it 
is  a  "space  vehicle  ?"  Why  do  some  refuse  to  accept  evidence  that  what 
they  saw  was  really  an  airplane,  weather  balloon,  etc.,  while  others 
readily  accept  such  explanations?  The  answers  to  such  questions  must 
await  future  research.  It  was  not  the  purpose  of  the  project  to  explore 
the  psychology  of  UFO  sighters,  but  rather  to  explore  the  nature  of 
the  UFOs  themselves. 
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Chapter  4 


Optical  Mirage 
William  Viezee 

1 .  Introduction 

An  optical  mirage  is  a  phenomenon  associated  with  the  refraction  of 
light  in  the  gaseous  (cloud-free)  atmosphere.  During  mirage  a  visible 
image  of  some  distant  object  is  made  to  appear  displaced  from  the  true 
position  of  the  object.  The  image  is  produced  when  the  light  energy  ema¬ 
nating  from  the  distant  source  travels  along  a  curvilinear  instead  of  a 
rectilinear  path,  the  curvilinear  path,  in  turn,  arises  from  abnormal 
Sp*  .il  variations  in  density  that  are  invariably  associated  with  abnormal 
tem^ii'-Sture  gradients. 

The  visible  image  of  the  m  .rage  can  represent  shape  and  color  of  the 
"mirrored"  object  either  exactly  or  distorted.  Distortions  most  commonly 
consist  of  an  exaggerated  elongation,  an  exaggerated  broadening,  or  a  com¬ 
plete  or  partial  inver*  •:>  !f  the  object  shape.  Frequently,  mirages  involve 
multiple  images  of  a  s  sourc  e  Under  special  conditions,  refractive 

separation  of  the  color  components  of  white  light  can  enhance  the  observa¬ 
tion  of  a  mirage.  Atmospheric  scintillation  can  introduce  rapid  variations 
in  position,  brightness,  and  color  variations  of  the  image. 

When  both  the  observer  and  the  source  are  stationary,  a  mirage  can  be 
observed  for  several  hours.  However,  when  either  one  or  both  are  in  motion, 
a  mirage  image  may  appear  for  a  duration  of  only  seconds  or  minutes. 

Although  men  have  observed  mirages  since  the  beginning  of  recorded 
history,  extensive  studies  of  the  phenomenon  did  not  begin  till  the  last 
part  of  the  18th  century.  Since  that  time,  however,  a  large  volume  of 
literature  has  become  available  from  which  emerges  a  clear  picture  of  the 
nature  of  the  mirage. 

The  comprehensive  body  of  information  presented  here  is  based  on  a 
survey  of  the  literature,  and  constitutes  the  state-of-the-art  knowledge 
on  optical  mirages.  The  report  provides  a  ready  source  of  up-to-date 
information  that  can  be  applied  to  problems  involving  optical  mirages. 
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No  claim  is  made  that  all  existing  pertinent  writings  have  been 
collected  and  read.  The  contents  of  many  publications,  especially  of 
those  dating  back  to  the  last  part  of  the  18th  Century  and  the  beginning 
of  the  19th  Century  are  evaluated  from  available  summaries  and  historical 
reviews.  Also,  when  a  particular  aspect  of  the  mirage  phenomenon  is  con¬ 
sidered,  the  collection  of  pertinent  literature  is  discontinued  at  the 
point  where  the  state-of-the-art  knowledge  appears  clearly  defined.  The 
collected  volume  of  literature  covers  the  period  1796  to  1967. 

In  essence,  the  literature  survey  yields  the  following  principal 
characteristics  of  the  mirage:  (1)  Mirages  are  associated  with  anomalous 
temperature  gradients  in  the  atmosphere.  (2)  Mirage  images  are  observed 
almost  exclusively  at  small  angles  above  or  below  the  horizontal  plane 
of  view;  mirages,  therefore,  require  terrain  and  meteorological  conditions 
that  provide  extended  horizontal  visibility.  (3)  A  mirage  can  involve 
the  simultaneous  occurrence  of  more  than  one  image  of  the  "mirrored"  ob¬ 
ject;  the  images  can  have  grossly  distorted  forms  and  unusual  coloring. 

(4)  Extreme  brightening  and  apparent  rapid  movement  of  th'-  age  image 
in  and  near  the  horizontal  plane  can  result  from  the  effects  of  focussing 
and  interference  of  wavefronts  in  selected  areas  of  the  refracting  layer. 

Only  minor  shortcomings  appear  to  be  evident  in  present  knowledge  oi 
mirage  phenomena.  Ultimately,  a  unified  theory  is  desirable  that  can  deal 
with  both  the  macroscopic  and  microscopic  aspects.  Currently,  the  behavior 
of  light  refraction  on  a  large  scale  is  represented  by  means  of  rays  while 
the  finer  details  are  treated  with  the  wave  theory.  More  observations  are 
needed  that  deal  with  the  microscopic  optical  effects  of  the  mirage.  The 
finer  details  that  arise  mostly  from  focussing  and  interference  are  not 
commonly  observed.  They  require  close  examination  of  areas  that  are  highly 
selective  in  time  and  place. 


2.  Cross  Section  of  Surveyed  Literature 

The  contents  of  this  report  are  based  on  a  survey  of  literature  on 
atmospheric  refraction  in  general  and  on  optical  mirages  in  particular. 

The  survey  began  with  the  review  of  such  basic  sources  of  information  on 
atmospheric  optics  as  Meteorologisahe  Optik,  by  Pernter  and  Lxner,  Phyoiau 
of  the  Air,  by  Humphrey s,The  Nature  of  Light  and  Colour  in  the  Open  Air , 
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by  Minnaert,  and  The  Compendium  of  Meteorology.  These  sources  present 
historical  summaries,  and  their  contents  are  to  a  large  extent  based  on 
literature  surveys.  Key  references  mentioned  in  these  sources  were  ex¬ 
amined  and  a  large  volume  of  literature  was  subsequently  collected  by 
following  successive  reference  leads.  Pertinent  information  on  atmos¬ 
pheric  scintillation  was  obtained  from  several  sources,  in  particular 
from  Optical  Scintillation;  A  Survey  of  the  Literature,  by  J.  R.  Meyer- 
Arendt.  A  cross  section  of  the  collected  literature  is  listed  below. 
Because  of  the  wide  range  of  aspects  covered,  the  literature  is  listed 
in  the  following  categories:  (1)  papers  on  optical  mirage  the  contents 
of  which  are  mostly  descriptive,  (2)  papers  that  propose  theoretical 
models  of  atmospheric  refraction  or  optical  mirage,  (3)  papers  that  com¬ 
pare  theory  and  observation,  (4)  papers  that  are  concerned  with  the 
application  of  terrestrial  light  refraction  to  meteorology,  surveying, 
and  hydrography,  (5)  papers  that  present  average  values  of  terrestrial 
refraction  based  on  climatology,  and  (6)  papers  on  atmospheric  scintil¬ 
lation.  Within  each  category,  publications  are  arranged  chronologically. 

In  Category  1,  descriptive  accounts  of  mirages  go  back  in  time  to 
1796,  when  Joseph  Huddart  observed  superior  mirages  near  Macao.  (Earlier 
accounts  can  be  found  in  Meteorologiache  Optik.)  Numerous  recent  obser¬ 
vations  of  abnormal  atmospheric  refraction  can  be  found  in  The  Marine 
Observer.  The  two  "classical"  observations  most  frequently  quoted  as 
having  "triggered"  a  long  series  of  in\ estigations  on  optical  mirage  are 
the  observations  of  Vince  and  Scoresby.  Vince  (1798)  from  a  position  on 
the  sea  shore  observed  multiple  images  of  ships,  some  upright  and  some 
inverted,  above  the  ocean  horizon;  Scoresby  (1820)  observed  elevated 
images  of  ships  and  coastal  lines  while  navigating  near  Greenland.  Both 
observations  were  carefully  documented  and  results  were  read  before 
bodies  of  the  Royal  Society. 

Proposed  theories  of  the  mirage  (category  2)  are  basically  of  three 
types,  that  are  best  represented  by  the  respective  works  of  Tait  (1883), 
Wegener  (1918),  and  Sir  C.  V.  Raman  (1959).  Tait  (in  his  efforts  to  ex¬ 
plain  the  observations  by  Vince  and  Scoresby)  considers  a  vertically 
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finite  refracting  layer  having  a  continuous  change  in  refractive  index, 
and  formulates  the  ray  paths  for  a  plane-stratified  atmosphere.  Wegener 
(motivated  by  mirage  observations  made  during  his  stay  in  Greenland) 
replaces  Tait's  finite  refraction  layer  with  a  "reflecting"  surface  -  i.e.y 
a  surface  of  discontinuity  in  the  refractive  index  -  and  formulates  the 
ray  paths  for  a  spherically  stratified  atmosphere.  Raman  questions 
the  use  of  geometric  optics  in  the  theory  of  the  mirage  and  shows  by 
means  of  physical  optics  that  the  upper  boundary  of  the  refracting  layer 
resembles  a  caustic  surface  in  the  vicinity  of  which  focussing  and  inter¬ 
ference  are  the  major  mirage-producing  effects.  All  three  theories  quite 
accurately  describe  various  mirage  observations. 

Comparisons  made  between  observation  and  theory  (category  3)  indi¬ 
cate  that  the  two  are  compatible  -  i.e. ,  abnormal  light-refraction  phenomena 
are  associated  with  anomalous  atmospheric-temperature  structure.  Many  in¬ 
vestigations  (category  4)  are  concerned  with  determining  the  effects  of 
light  refraction  on  optical  measurements  made  in  such  fields  as  surveying 
and  hydrography.  Corrections  for  refraction  based  on  average  atmospheric 
conditions  have  been  computed  (category  5) .  Of  specific  interest  to 
meteorologists  are  the  attempts  to  develop  inversion  techniques  for  ob¬ 
taining  low-level  temperature  structure  from  light-refraction  measurements 
(category  4).  The  temperature  profiles  that  can  be  obtained  do  not  have 
the  desired  resolution  and  accuracy.  During  the  last  decade,  literature 
on  atmospheric  scintillation  has  become  extensive  due  to  its  importance 
to  astronomy,  optical  communication,  and  optical  ranging.  A  selected 
number  of  recent  papers  are  presented  in  category  6. 

The  publications  categorized  below  represent  a  cross  section  of  the 
various  endeavors  that  have  resulted  from  the  Earth's  atmosphere  having 
light-refraction  properties.  The  body  of  information  is  fundamental  to 
the  contents  of  this  report.  In  addition  to  the  listed  literature,  many 
other  sources  of  information  on  atmospheric  optics  were  consulted  in  its 
production.  They  are  referenced  throughout  the  text,  and  are  compiled 
in  a  bibliography  at  the  end  of  the  report. 
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3.  Basic  Physical  Concepts  and  Atmospheric  Variables  Involved 
in  Light  Refraction 

A.  General 

In  a  vacuum  or  in  a  medium  of  constant  density,  the  energy  from  a 
light-emitting  source  travels  along  a  straight  line.  Consequently,  a 
distant  observer  sees  the  light  source  at  its  exact  location.  In  a 
medium  of  variable  density,  such  as  the  earth's  atmosphere,  the  direc¬ 
tion  of  energy  propagation  is  deflected  from  a  straight  line;  i.e., 
refracted.  Refraction  causes  an  observer  to  see  a  distant  light  source 
at  an  apparent  position  that  differs  from  the  true  position  by  an  angular 
distance  the  magnitude  of  which  depends  on  the  degree  of  refraction,  i.e. 
on  the  degree  of  density  variation  between  the  observer  and  the  light 
source.  Changes  in  the  direction  of  energy  propagation  arise  principally 
from  changes  in  the  speed  of  energy  propagation.  The  latter  is  directly 
related  to  density. 

A  clear  picture  of  what  causes  refraction  is  obtained  by  means  of 
Huygen's  principle  which  states  that  each  point  on  a  wavefront  may  be 
regarded  as  the  source  or  center  of  "secondary  waves"  or  "secondary 
disturbances,"  At  a  given  instant,  the  wavefront  is  the  envelope  of 
the  centers  of  the  secondary  disturbances.  In  the  case  of  a  travelling 
wavefront  the  center  of  each  secondary  disturbance  propagates  in  a  direc¬ 
tion  perpendicular  to  the  wavefront.  When  the  velocity  of  propagation 
varies  along  the  wavefront  the  disturbances  travel  different  distances 
so  that  the  orientation  of  their  enveloping  surface  changes  in  time, 
i.e.,  the  direction  of  propagation  of  the  wavefront  changes. 

Practically  all  large-scale  effects  of  atmospheric  refraction  can 
be  explained  by  the  use  of  geometrical  optics,  which  is  the  method  of 
tracing  light  rays  --  i.e.,  of  following  directions  of  energy  flow.  The 
laws  that  form  the  basis  of  geometrical  optics  are  the  law  of  reflection 
(formulated  by  Fresnel)  and  the  law  of  refraction  (formulated  by  Snell). 
When  a  ray  of  light  strikes  a  sharp  boundary  that  separates  two  trans¬ 
parent  media  in  which  the  velocity  of  light  is  appreciably  different, 
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sucli  as  a  glass  plate  or  a  water  surface,  the  light  ray  is  in  general 
divided  into  a  reflected  and  a  refracted  part.  Such  surfaces  of  dis¬ 
continuity  in  light  velocity  do  not  exist  in  the  cloud-free  atmosphere. 
Instead  changes  in  the  speed  of  energy  propagation  are  continuous  and 
are  large  only  over  layers  that  are  thick  compared  to  the  optical  wave¬ 
lengths.  It  has  been  shown  (J.  Wallot,  1919)  that,  in  this  case,  the 
reflected  part  of  the  incident  radiation  is  negligible  so  that  all  the 
energy  is  contained  in  the  refracted  part.  Since  in  the  lower  atmos¬ 
phere,  where  mirages  are  most  common,  absorption  of  optical  radiation 
in  a  layer  of  the  thickness  of  one  wavelength  is  negligible,  Snell's 
law  of  refraction  forms  the  basis  of  practically  all  investigations  of 
large-scale  optical  phenomena  that  are  due  to  atmospheric  refraction 
(Paul  S.  Epstein,  1930). 


B.  Optical  Refractive- Index  of  the  Atmosphere 
The  optical  refractive  index  (n)  is  defined  as  the  ratio  of  the 
velocity  (u)  at  which  monochromatic  (single  wavelength)  light  is  propa¬ 
gated  in  a  homogeneous,  isotropic,  non-conductive  medium,  to  the  velocity 
(o)  of  light  in  free  space,  i.e.,  n  •  o/v.  In  free  space,  i.e.,  outside 
the  earth's  atmosphere,  n  •  1.  Thus,  in  the  case  of  a  monochromatic 
light  signal  travelling  through  a  given  medium,  o/v  >1.  In  case  the  light 
signal  is  not  monochromatic  and  the  velocities  (v)  of  the  component  waves 
vary  with  wavelength  (X),  the  energy  of  the  signal  is  propagated  with  a 
group  velocity  u  where  u  -  v  -\(dv/d\).  The  group  refractive  index  is 
given  by  o/u  «  n  -  \(dn/d\)  (Jenkins  and  White,  1957).  In  the  visible 
region  of  the  electromagnetic  spectrum  the  dispersion,  dn/d\  is  very 
small  (see  Table  1)  and  a  group  index  is  nearly  equal  to  the  index  at 
the  mean  wavelength. 

For  a  gas,  the  refractive  index  is  proportional  to  the  density  p  of 
the  gas.  This  can  be  expressed  by  the  Gladstone-Dale  relation: 


n  -  1 


(1) 
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Table  1 

DEPENDENCE  OF  OPTICAL  REFRACTIVE- INDEX 
ON  ATMOSPHERIC  PRESSURE,  TEMPERATURE  AND  WAVELENGTH 


(a)  Pressure  Dependence 


Conditions:  5455  A  ,  15°C 

P,  mb 

n 

1.000274 

1.000260 

1.000246 

i  r 

(b)  Temperature  Dependence 


Conditions:  5455  A  ,  1013.3  mb 

T,  °C 

n 

0 

1.000292 

15 

1.000277 

30 

1.000263 

1  -  _  TTZl 

(c)  Wavelength  Dependence 


Conditions 

:  1013.3  mb,  15riC 

A,  A 

n 

4,000 

1.000282 

5,000 

1.000278 

1.000276 

1.000275 

1.000275 

[ .  ,  . .  -  J 
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where  k  is  a  wavelength-dependent  constant,  P  and  T  are  the  pressure  and 
temperature,  and  H  is  the  gas  constant.  The  refractive  index  of  a  mix¬ 
ture  of  gases,  such  as  the  earth's  atmosphere,  is  generally  assumed  to 
obey  the  additive  rule,  that  is,  the  total  value  of  n  -  1  is  equal  to  the 
sum  of  the  contributions  from  the  constituent  gases  weighted  by  their 
partial  pressures.  When  the  atmosphere  is  considered  as  a  mixture  of  dry 
air  and  water  vapor, 

(n  -  1)P  =  (P  -  e)  (n,  -  1)  +  e(n  ■■  D 

a  v 

or 

n  =  n,  -  %  (n,  -  n  ) 
a  P  a  v 

where  P  denctes  the  total  pressure  of  the  mixture,  e  the  partial  water 
vapor  pressure  and  the  subscripts  d  and  v  refer  to  dry  air  and  water 
vapor,  respectively.  Using  Eq.  (1),  the  refractive  index  n  of  the  moist 
air  at  any  temperature  T  and  pressure  P  can  be  written 


where  n,  and  n  are  the  refractive  indices  at  P  and  T  .  For  A  =  5455  A0 
a  v  o  o 

(about  the  center  of  the  visible  spectrum),  at  P  =  1013.3  jnb  (7*0  mm  Hg) 

and  T  =  273°K,  n,  =  1.000292  and  n  =  1.000257,  so  that 
o  d  v 

n  -  1  -  (78.7  x  10'6)-£  (l  -  0.12  |) 

For  P  ■  1013.3  mb,  maximum  values  of  e/P(air  saturated  with  water  vapor) 

for  a  range  of  tropospheric  temperatures  are  as  follows: 

T(°K)  273  283  288  293  298  303 

e/P  0.006  0.012  0.017  0.023  0.031  0.042 

It  is  evident  that  in  problems  related  to  terrestrial  light  refraction 
the  effects  of  humidity  on  the  atmospheric  refractive  index  are  negli¬ 
gible.  It  is  of  interest  to  compare  the  formula  for  the  optical  refractive- 
index  with  that  for  radio  waves  in  the  centimeter  range.  The  latter  can  be 
written 

(«  -  1)  -  (77.6  x  10'b)  P 

T 
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Hie  formula  for  the  optical  refractive  index  can  be  written 


n 


T 


where  =  gas  constant  for  dry  air.  By  introducing  k  as  a  function 
of  wavelength  (Johnson,  1954),  a  f;nal  expression  for  the  optica] 
refractive-index  in  the  atmosphere  can  be  written  as 


n 


(2) 


where  the  o 

, .  °2 
microns  (i.e. 

(n  -  1)  *  10 
a 


6 


are  resonance  lines  and  o  is  the  wavenumber  in  inverse 
1/a).  Hie  latest  equation  is  (Fdlen,  1966): 


=  (77. 49..)  *  0.01.)  P  Z  ~l 
1  3  _a  a 

T 


^0 . 30600? 


88.2581  A  0.5868 

+  2 

130  -  o  38.9  - 


where  n  is  the  refractive  index  of  dry  air  containing  0.03%  C0„ ,  P 
a  °  2  a 

is  the  partial  pressure  of  dry  air,  and  ZQ  is  the  inverse  compres¬ 
sibility  factor  for  dry  air  (Owens,  1967).  Z  *  is  very  close  to 
unity;  for  P  =  1013.25  mb,  T  =  288.16°K  (15°C),  Zq  -1  =  4.15  *  10 

The  standard  value  of  Z  *  is  assumed,  i.e.,  the  constant  is 

a 

77 . 49?  x  1.000415  =  77. 5?. 

Table  1  gives  the  range  of  n  for  various  ranges  of  atmospheric 
pressure,  temperature,  and  wavelength.  The  listed  values  are  of  suf¬ 
ficient  accuracy  for  a  discussion  of  optical  mirage.  For  a  more 
recent  version  of  Eq.  (2)  and  differences  in  n  smaller  than  10  ^ 
reference  is  made  to  the  detailed  work  by  Owens  (1967). 

Table  1  shows  that  the  optical  refractive  index  of  the  atmosphere 
is  a  relatively  small  quantity  and  that  its  largest  variations  with 
temperature,  pressure  and  wavelength  are  of  the  order  of  10  ^ .  Such 
small  changes  in  the  refractive  index  correspond  to  relatively  small 
changes  in  the  direction  of  optical-energy  propagation.  Hence,  an 
optical  image  that  arises  from  atmospheric  light  refraction  cannot  be 
expected  to  have  a  large  angular  displacement  from  the  light  source. 


1Q04 
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C.  SneU's  Law  of  Refraction 

Snell's  law,  formulated  for  the  refraction  at  a  boundary,  may  be 

stated  as  follows:  the  refracted  ray  lies  in  the  plane  of  incidence, 

and  the  ratio  of  the  sine  of  the  angle  of  incidence  to  the  sine  of  the 

angle  of  refraction  is  constant.  The  constant  is  equal  to  the  ratio  of 

the  indices  of  refraction  of  the  two  media  separated  by  the  boundary. 

Thus,  Snell's  law  of  refraction  requires  that: 

sin4  _  nj. 

s  i n<J> '  ”  n 

where  4  and  4 '  are  the  angles  of  incidence  and  refraction  respectively 
in  the  first  and  second  medium,  while  n  and  n'  are  the  corresponding 
values  of  the  refractive  index  (see  Fig.  1). 


VERTICAL 


FIG.  1  SNELL’S  LAW  OF  REFRACTION 


The  angle  of  refraction  (4)')  is  always  larger  than  the  angle  of 
incidence  (4)  when  n  >  n' ,  and  the  direction  of  energy  propagation  is 
from  dense-to-rare.  The  critical  angle  of  incidence  beyond  which 

no  refracted  light  is  possible  can  be  found  from  Snell's  law  by  substi 
tuting  4'  ■  90°.  Thus, 
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For  all  angles  of  incidence  xj>  the  incident  energy  is  totally  refloated, 
and  the  angle  of  reflection  equals  the  angle  of  incidence  (Goos  and 
Haenchen,  1947). 

Mirages  arise  under  atmospheric  conditions  that  involve  "tota'  re¬ 
flection."  Under  such  conditions  the  direction  of  energy  propagation 
is  from  dense -to -rare ,  and  the  angle  of  incidence  exceeds  the  critical 
angle  such  that  the  energy  is  not  transmitted  through  the  refracting 
layer  but  is  "mirrored."  The  concept  of  total  reflection  is  most  rigor¬ 
ously  applied  by  Wegener  in  his  theoretical  model  of  atmospheric  refrac¬ 
tion  (Wegener,  1918) . 

Snell's  law  can  be  put  into  a  form  that  enables  the  construction  of 
a  light  ray  in  a  horizontal  layer  wherein  the  refractive  index  changes 
continuously.  Introducing  a  nondimensional  rectangular  <j>, a  coordinate 
system  with  the  x-axis  in  the  horizontal,  tan  41  =  dx/dz ,  where  4  denotes 
the  angle  between  the  vertical  axis  and  the  direction  of  energy  propaga¬ 
tion  in  the  plane  of  the  coordinate  system.  Snell's  law  can  now  be 
applied  by  writing 


and 


tan  4> 


sin  <p 
cos  <4 


d x 

dz 


sin  <p 


n  sin  <Pn 
o  u 

n 


where  n  and  <J>  are  initial  values.  Substitution  gives 

0  0  6 


(3) 


When  the  refractive  index  n  is  expressed  as  a  continuous  function  of  x 
and  z,  the  solution  to  the  differential  equation  (3)  gives  a  curve  in  the 
X,  z  plane  that  represents  the  light  ray  amanating  to  the  point 
lor  example,  when  n"  decreiiic-j  lim-aily  Willi  mionling  .‘u  */'  / 

liq.  (3)  can  be  integrated  in  the  form 


1006 


For  an  initial  refractive  index  and  an  initial  direction  of  energy 
flow  9 (  ,  integration  between  0  and  z  gives: 

2  /2  2 
X  “  nQ  sin  2Q0  -  2 nQ  sin  0O  y hQ  cos  6 0  -  z 

This  equation  represents  a  parabola.  Hence,  for  a  medium  in  which  n 
changes  with  z  in  the  above  prescribed  fashion,  the  rays  er.a-iat  i  r.g  ircr. 
a  given  light  source  are  a  family  of  parabolas. 

When  the  ordinate  of  the  nondimens xonal  coord’ ia:e  it  to 

represent  height, z  must  represent  a  quantity  a?  '  ,  vnorjfc  z  ’  his  uAi r « 
height  and  a  is  the  scale  factor. 

By  introducing  more  complicated  ’  itract;v»  index  tpp'iies  into 
Eq.  (3),  the  path^  of  the  refracted  rayi  from  an  e/ ■.esv.ird  ligh  cvurcc 
can  be  obtained  and  mirage  images  can  be  (.instructed.  Tait  y.'u  v-t 
investigators  have  successfully  used  this  mtthod  e::y loin  Vari c.n 
mirage  observations. 

Application  of  Eq.  (3)  is  restricted  to  light  refractor.  ,r  *  pljrai 
stratified  atmosphere  and  to  refractive-index  profiles  that  p-.-rwit  't.-> 
integration. 

D.  Partial  Reflections  from  Atmospheric  Layers 

The  theory  of  ray  tracing  or  geometrical  optics  does  not  indicate 
the  existence  of  partial  reflections,  which  occur  wherever  v  are  is  ai 
abrupt  change  in  the  direction  '  f  propagation  of  a  wavefront,  m  apurax 
imate  solution  to  the  wave  equation  may  be  obtained  for  the  refle.tion 
coefficient  applicable  to  a  thin  atmospheric  layer  (Wait,  1962): 

7,2 

R  a  sec  »  e  "  2ikocos*Z  dz 

z!  * 
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where  R  is  the  power  reflection  coefficient,  4>  the  angle  of  incidence, 

Z  is  height  through  a  layer  bounded  by  and  ^  an<*  K0  t^le  vacuum 
wavenumber  KQ  =  2  n/x  .  The  equation  is  generally  valid  only  when  the 
value  of  R  is  quite  small,  say  R<10'4. 

This  result  can  be  applied  to  atmospheric  layers  of  known  thickness 
and  refractive  index  distribution;  the  most  convenient  model  is  that  in 
which  dn/dz  =  const,  for  Zj  <,  Z  £  and  dn/dz  =  0  everywhere  else. 
Although  some  authors  have  argued  that  the  reflection  coefficient  using 
this  model  depends  critically  upon  the  discontinuity  in  du/dz  at  the 
layer  boundaries,  it  can  be  shown  using  continuous  analytic  models  that 
the  results  will  be  the  same  for  any  functional  dependence  so  long  as 
the  transition  from  dn/dz  =  0  to  dn/dz  =  const,  occurs  over  a  space  that 
is  not  large  compared  to  the  effective  wavelength.  The  effective  wave¬ 
length  is  defined  as  Xsec$.  For  the  simple  linear  model,  R  is  given  by 

I  2 


R  » 


An 

2 


sec'-  < 


iing 


where  a  =  KQcos$h,  An  is  the  total  change  in  n  through  the  layer,  and 
h  is  the  thickness  of  the  layer,  h  =  Z.  -Z^.  For  large  values  of  h/x, 
and  hince  large  values  of  a,  the  term  sinq/a  may  be  approximated  as 
1/a  for  maxima  of  sina.  Since  h/X  is  always  large  for  optical  wave¬ 
lengths,  e.g.  h/X=  2  x  10^  for  a  layer  1  cm  thick,  the  power  reflection 
coefficient  may  be  approximated  by 


R  5 


scc64> 


Atmospheric  layers  with  A^  3.0  x  10”6  and  h  = 
exist  in  the  surface  boundary  layer,  e.g.  producing 
For  visible  light  with  a  "center  wavelength"  of  5.6 
^o/h  is  thus  5.6  x  10  R  then  becomes 


1  cm  are  known  to 
inferior  mirage, 
x  10~^  cm  (0.56u ) , 


R 


1.6  x  10 


-20 


6 

sec  $. 


1008 


This  is  a  very  small  reflection  coefficient,  and  light  from  even 
the  brightest  sources  reflected  at  normal  incidence  by  such  a  layer 
would  be  invisible  to  the  human  eye.  The  situation  may  be  different 
at  grazing  incidence  or  large  0;  for  a  grazing  angle  of  1  ,  0  =  89°, 
sec?60  3.54  x  101U,  and 

R  s  5.6  x  10"10,  0  =  89° 

The  critical  grazing  angle,  C>c,  for  a  total  reflection  for  the 
thin  layer  under  discussion  is  given  by  Qc  =  'h  An  ,  which  yields  a 
value  of  0.007746  r*d  or  26.6'.  Substituting  0  ■  89°  33.4'  in  the 
equation  for  R  gives 

R  s  7.4  x  i0"8,  $  ■  89°  33.4' 

Since  the  human  eye  is  capable  of  recording  differences  at  least 
-8 

as  great  as  3.5  x  10~  (Minnaert,  1954),  partial  reflections  of  strong 
light  sources  may  occasionally  be  visible.  The  theoretical  treatment 
discussed  here  shows  that  as  the  critical  angle  for  a  mirage  is  exceeded 
there  should  be  a  drop  in  reflected  intensity  on  the  order  of  10*^  - 
10*  ,  so  that  instead  of  a  smooth  transition  from  totally  to  partially 
reflecting  regimes,  there  should  be  a  sharp  decrease  giving  the  impression 
of  a  complete  disappearance  of  the  reflection.  This  is  ii  agreement  with 
observation.  The  theory  also  indicates  that  faint  images  produced  by 
partial  reflection  of  very  bright  light  sources,  e.g.  arc  lights,  may 
be  seen  at  angles  somewhat  larger  than  the  critical  angle  for  a  true 
mirage . 

E.  Spatial  Variations  in  the  Atmospheric  Index-of-Refraction 

As  dictated  by  Snell's  law,  refraction  of  light  in  the  earth's 
atmosphere  arises  from  spatial  variations  in  the  optical  refractive- 
index.  Since wf(P,Tt\)  according  to  Eq.  (2),  the  spatial  variations  of 
n(^)  can  be  expressed  in  terms  of  the  spatial  variations  of  atmospheric 
pressure  and  temperature.  Routine  measurements  of  the  latter  two  quan¬ 
tities  are  made  by  a  network  of  meteorological  surface  observations  and 
upper-air  soundings.  When  the  optical  wavelength  dependence  of*  is 
neglected,  Eq.  (2)  takes  the  form  (for*A  5455  A, 

n  -  1  •  (78.7  x  10'6)  | 
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and  the  gradient  of  n  is  given  by 

Vn  -  (78.7  x  lO*6)^  VP  -  p-  ^ 

Optical  mirages  are  most  likely  to  form  when  atmospheric  conditions  of 
relative  calm  (no  heavy  cloudiness,  no  precipitation  or  strong  winds)  and 
extended  horizontal  visibility  (<10  miles)  are  combined  with  large  radiative 
heating  or  cooling  of  the  earth's  surface.  Under  these  conditions  the  verti¬ 
cal  gradients  of  pressure  and  temperature  are  much  larger  than  the  horizontal 
gradients,  i.e.,  the  atmosphere  tends  to  be  horizontally  stratified.*  Thus, 


or 


3n 
3  2 


( 78.7  x  10'6) 
(78.7  x  10"6) 


§?*  (78.7  x  10"6)  (-3.4°C/100  m.  -  |§ 


(4) 


Thus,  the  spatial  variation  in  the  refractive  index ,  i.e.,  light  refraction, 
depends  primarily  on  the  vertical  temperature  gradient.  When  3n/3z  is 
negative  and  the  direction  of  energy  propagation  is  from  dense  to  rare,  the 
curvature  of  light  rays  in  the  earth's  atmosphere  is  in  the  same  sense  as 
that  of  the  earth's  surface.  Equation  (4)  shows  that  3n/3z  is  negative  for 
all  vertical  gradients  of  temperature  except  those  for  which  the  temperature 
decreases  with  height  >  3.4°C/100  m.  No  light  refraction  takes  place  when 
3n/3a  =  Oj  in  this  case  32y3a  *  -3.4°  C/100  ra.  which  is  the  autoconvective 
lapse  rate,  i.e.,  the  vertical  temperature-gradient  in  an  atmosphere  of  con¬ 
stant  density.  Table  2  gives  the  curvature  of  a  light  ray  in  seconds  of 
arc  per  kilometer  for  various  values  of  3T/3z  near  the  surface  of  the  earth 
(standard  P  and  T) .  When  ray  curvature  is  positive,  it  is  in  the  same  sense 
as  an  earth's  curvature. 

•When  horizontal  gradients  in  the  refractive  index  are  present,  the  complex 
mirage  images  that  occur  are  often  referred  to  as  Fata  Morgana.  It  is 
believed,  however,  that  the  vertical  gradient  is  the  determining  factor  in 
the  formation  of  most  images. 
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Table  2 

CURVATURE  OF  LIGHT  RAYS  FOR  VARIOUS  VALUES 
OF  VERTICAL  TEMPERATURE-GRADIENT  AT 
STANDARD  CONDITIONS  OF  PRESSURE 
(1013.3  mb)  AND  TEMPERATURE  (273°K) 


3  T 
da 

(°C/100m) 

CURVATURE  OF  LIGHT 

RAYS  ("/km) 

-3.4 

0 

|  -1.0 

5.3 

-0.5 

6.4 

0 

7.5 

♦6.9 

22.7 

♦  11.6 

33.0 

From  Table  2  it  is  evident  that  two  types  of  vertical  temperature 
variation  contribute  most  to  the  formation  of  mirages;  these  are  temper¬ 
ature  inversions  [(sy/fr  )>q]  and  temperature  lapse  rates  exceeding 
3.4°C/100m  (the  autoconvective  lapse  rate).  Superautoconvectiv;  lapse 
rates  cause  light  rays  to  have  negative  curvature  (concave  upward) ,  and 
are  responsible  for  the  formation  of  inferior  mirages  (e.g.,  road  mirage). 
The  curvature  of  the  earth's  surface  is  33"/km,  and  thus  whenever  there 
is  a  sufficiently  strong  temperature  inversion,  light  rays  propagating  at 
low  angles  will  follow  the  curvature  of  the  earth  beyond  the  normal 
horizon.  This  is  the  mechanism  responsible  for  the  formation  of  promi¬ 
nent  superior  mirages. 

F.  Meteorological  Conditions  Conducive  to  the  Formation  of  Mirages 

The  strength  and  frequency  of  vertical  temperature  gradients  in  the 
earth's  atmosphere  are  constantly  monitored  by  meteorologists.  The 
largest  temperature  changes  with  height  are  found  in  the  first  1,000  m 
above  the  earth's  surface.  In  this  layer,  maximum  temperature  gradients 
usually  arise  from  the  combined  effects  of  differential  air  motion  and 
radiative  heating  or  cooling. 

The  temperature  increase  through  a  low-level  inversion  layer  can 
vary  from  a  few  degrees  to  as  much  as  30°C  during  nighttime  cooling  of 
the  ground  layer.  During  daytime  heating,  the  temperature  can  drop  by 
as  .nuvh  as  20°C  in  the  first  couple  of  meters  above  the  ground 
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(Handbook  of  Geophysics  and  Space  Environments,  1965) .  Large  temperature 
lapses  are  generally  restricted  to  narrow  layers  above  those  ground  sur¬ 
faces  that  rapidly  absorb  but  poorly  conduct  solar  radiation.  Temperature 
inversions  that  are  due  to  radiative  cooling  are  not  as  selective  as  to 
the  nature  of  the  lower  boundary  and  are  therefore  more  common  and  more 
extensive  than  large  lapses.  Temperature  inversions  can  extend  over  hori¬ 
zontal  distances  of  more  than  100  km.  Large  temperature  lapses,  however, 
do  not  usually  extend  uninterrupted  over  distances  more  than  a  couple  of 
kilometers . 

At  any  given  location,  the  frequency  of  occurrence  of  large  temper¬ 
ature  lapses  is  directly  related  to  the  frequency  of  occurrence  of  warm 
suany  days.  Fig. 2  shows  the  average  distribution  of  normal  summer  sun¬ 
shine  across  the  United  States  (Visher,  1954).  More  than  seventy  percent 
of  the  possible  total  is  recorded  in  a  large  area  extending  from  the  Missi¬ 
ssippi  to  the  West  Coast.  Consequently , low-level  mirages  associated  with 
large  temperature  lapses  may  be  rather  normal  phenomena  in  this  area. 
Distribution  for  summer  and  winter  of  the  frequency  of  occurrence  of  tem¬ 
perature  inversions  < 150  m  above  ground  level  are  shown  for  the  United 
States  in  Fig.  3  (Hosier,  1961).  The  data  are  based  on  a  two-year  sampling 
period.  Figure  4  shows  the  distribution  across  the  United  States  of  the 
percentage  of  time  that  the  visibility  exceeds  10  km  (Eldridge,  1966). 

When  Figs.  3  and  4  are  combined  it  is  seen  that  large  areas  between  roughly 
the  Mississippi  and  the  West  Coast  have  a  high  frequency  of  extended  hori¬ 
zontal  visibility  and  a  relatively  high  frequency  of  low-level  temperature 
inversions.  These  meteorological  conditions  are  favorable  for  the  forma¬ 
tion  of  mirages.  On  the  basis  of  the  climatic  data  shown  in  Figs.  2,  3, 
and  4  it  can  be  concluded  that  at  some  places  a  low-level  mirage  may  be  a 
rather  normal  phenomenon  while  in  other  places  it  may  b2  highly  abnormal. 

An  example  of  the  sometimes  daily  recurrence  of  superior  mirage  over  the 
northern  part  of  the  Gulf  of  California  is  discussed  by  Ronald  Ives  (1968). 
Temperature  inversions  in  the  cloud- free  atmosphere  are  often  recorded  at 
heights  up  to  6,000  m  above  the  ground.  These  elevated  inversions  usually 
arise  from  descending  air  motions,  although  radiative  processes  can  be 
involved  when  very  thin  cirrus  clouds  or  haze  layers  are  present.  Narrow 
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FIG.  2  DISTRIBUTION  OF  NORMAL  SUMMER  SUNSHINE  (Ptrconfogo  of  PoisibU  Total) 


FIG.  3  DISTRIBUTION  OF  INVERSION  FREQUENCY 

(Porcont  of  Totol  Hoor»)  FOR  SUMMER  AND  WINTER 


FIG.  4  DISTRIBUTION  OF  PERCENTAGE  OF  TIME  THE  VISIBILITY  IS  LESS  THAN 
10  km  FOR  SUMMER  AND  WINTER 
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layers  of  high-level  temperature  inversion,  e.g.,  4°C  measured  in  a 
vertical  distance  of  a  few  meters,  extending  without  appreciable  changes 
in  height  for  several  tens  of  kilometers  in  the  horizontal  direction  have 
been  encountered  (Lane,  1965).  Such  inversions  are  conducive  to  mirage 
formation  when  they  are  accompanied  by  extended  visibility  in  the  hori¬ 
zontal  as  well  as  in  the  vertical.  A  climatology  of  such  inversions 
can  be  obtained  from  existing  meteorological  data. 


4 .  Visual  Characteristics  of  Light-Refraction  Phenomena  in  the 

Cloud-Free  Atmosphere 

A.  General 

Light  refraction  as  it  occurs  in  the  earth's  atmosphere  can  be  divided 
into  random  refraction  and  systematic  or  regular  refraction  (Meyer-Arendt , 
1965).  Random  refraction  is  due  to  the  small-scale  (meters  or  less),  rapid 
(seconds)  temperature  fluctuations  associated  with  atmospheric  turbulence, 
and  is  responsible  for  such  phenomena  as  the  scintillation  of  stars  and 
planets,  and  the  shimmer  of  distant  objects.  Systematic  or  regular  refrac¬ 
tion  is  the  systematic  deviation  of  a  propagating  wavefront  by  temperature 
gradients  that  are  extensive  in  space  (.on  the  order  of  several  kilometers 
or  more)  and  persistent  in  time  (on  the  order  of  an  hour  or  more) .  Sys¬ 
tematic  refraction  leads  to  the  apparent  displacement  of  a  light  source 
from  its  true  position.  The  light  source  can  be  outside  the  atmosphere 
(astronomical  refraction)  or  within  the  atmosphere  (terrestrial  refraction)  . 
Random  and  systematic  refraction  generally  act  simultaneously  so  that  the 
associated  effects  are  superposed. 

Values  of  astronomical  and  terrestrial  refraction  computed  for  average 
atmospheric  temperature  structure  are  well  documented.  The  angular  differ¬ 
ence  between  the  apparent  zenith  distance  of  a  celestial  body  and  its  true 
zenith  distance  (as  observed  from  a  position  near  sea  level)  is  zero  at 
the  zenith  but  gradually  increases  in  magnitude  away  from  the  zenith  to 
a  maximum  of  about  35  min.  of  arc  on  the  horizon.  Thirty-five  minutes  of 
arc  is  very  nearly  equal  to  the  angle  subtended  by  the  sun's  or  moon's 
disc  (30  min.),  so  that  when  these  heavenly  bodies  appear  just  above  the 
horizon  they  are  geometrically  just  below  it.  Figure  5  shows  average  values 
of  astronomical  refraction  as  a  function  of  zenith  angle.  The  very  large 
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AVERAGE  ASTRONOMICAL  RETRACTION - mmtfM*  of  arc 


FIG.  5.  ASTRONOMICAL  REFRACTION  vs.  ZENITH  ANGLE  CORRESPONDING 
TO  STANDARD  ATMOSPHERE 
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increase  in  refraction  toward  the  horizon  causes  frequently  observed 
distortions  of  the  sun's  or  moon's  disc.  Normally,  the  differential 
refraction  between  the  point  of  the  lower  limb  (touching  the  horizon) 
and  the  point  of  the  upper  limb  (30  min.  above  the  horizon)  amounts  to 
about  6  min.,  so  that  when  on  the  horizon,  the  sun  or  moon  appears  to 
an  earth-bound  observer  as  an  ellipse  rather  than  a  circle.  Recent  ob¬ 
servations  indicate  that  the  setting  sun  or  moon  as  seen  from  outside 
the  earth's  atmosphere  also  appears  flattened  due  to  refraction  (Cameron, 
et  al.,  1963).  Under  abnormal  atmospheric  temperature  conditions t  the 
differential  refraction  can  be  so  large  that  the  rising  or  setting  sun 
or  moon  appears  in  grossly  distorted  form  (O'Connell  1958). 

Terrestrial-refraction  angles  have  been  computed  as  a  function  of 
zenith  angle  and  altitude  of  the  luminous  source  (Link  and  Sekera  1940; 
Saunders,  1963).  Depending  on  height,  refraction  angles  computed  with 
reference  to  sea  level  vary  fromi.5  sec.  of  arc  at  a  zenith  angle  of  5° 
to  <12  min.  of  arc  at  a  zenith  angle  of  86°.  Above  42  km  refraction  is 
negligible. 

The  importance  of  the  seemingly  small  astronomical  and  terrestrial 
refraction  on  visual  observations  can  be  evaluated  as  follows.  Resolv¬ 
ing  theory  and  practice  have  established  that  the  human  eye  (which  is 
a  lens  system)  cannot  resolve,  separate  clearly,  or  recognizably  identify 
two  joints  that  subtend  an  angle  to  the  eye  of  less  than  1/16°  =  3.75  min. 
(lolansky  1964;  Minnaert,  1954).  Under  standard  atmospheric-temperature 
conditions,  angular  deviations  due  to  astronomical  and  terrestrial  refrac¬ 
tion  that  are  larger  than  3.75  min.  occur  when  distant  light  sources  are 
less  than  about  14°  above  the  horizon  (zenith  angle  larger  than  about 
76°).  Hence,  the  effects  of  systematic  atmospheric  refraction  on  visual 
observations  of  a  distant  light  source  (point  source)  which  is  less  than 
about  76°  from  the  zenith  can  be  considered  negligible  because  the  aver¬ 
age  human  eye  cannot  clearly  separate  the  source  from  its  refracted  image. 
However ,  when  the  luminous  point  source  is  located  at  about  14°  or  less 
from  the  horizon ,  the  location  and  appearance  of  the  source  as  seen  by  a 
distant  observer  are  those  of  its  refracted  image.  Close  to  the  horizon, 
refraction  becomes  large  enough  to  affect  the  visual  observations  of 
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extended  sources.  Thus,  it  is  evident  that  the  evaluation  of  observations 
of  light  sources  that  are  close  to  the  horizon  requires  knowledge  of  the 
characteristics  of  refracted  images. 


B.  Characteristics  of  the  Mirage 

1.  Geometry  of  Illumination  and  Viewing 

When  a  luminous  source  is  near  the  horizon, (i.e,  near  the  horizontal 
plane  of  view  of  its  observer)  the  optical  path  length  through  the  atmos¬ 
phere  is  maximum.  In  this  case,  systematic  refraction  is  at  a  maximum  and 
the  visual  effects  can  be  large  when  layers  of  anomalous  vertical  tempera¬ 
ture  gradient  are  present.  There  are,  however,  important  practical  limita¬ 
tions  as  to  how  much  the  apparent  position  of  a  refracted  image  can  differ 
from  the  true  position  of  the  source.  Limits  in  the  viewing  geometry  can 
be  determined  by  Snell's  law  using  limiting  values  of  the  optical  refrac¬ 
tive  index. 

Observations  indicate  that  a  temperature  change  cf  30°C  across 
re  '  ’ely  thin  (<1  km)  J.ayers  of  temperature  inversion  or  temperature 
lapse  approximates  the  maximum  change  that  can  be  expected  (Ramdas,  1951). 
Thirty  degrees  Centigrade  correspond  to  a  refractive- index  change  of  about 
3  x  10  ^  (Brunt,  1929).  Combining  this  maximum  change  in  the  optical 
refractive  index  with  the  range  of  values  listed  in  Table  I,  the  following 
limits  are  suggested  as  the  range  of  the  refractive  index  (n)  that  can 
be  expected  in  the  lower  cloud-free  atmosphere. 

1.00026  <  n  <_  1 .00029 

Substitution  of  the  upper  and  lower  limit  into  the  equation  for  total 
reflection  gives 


and 


1.00026 
sin*c  1.00029 


0.999970 


=  39 . 5° 


Hence,  when  a  horizontal  layer  or  boundary  across  which  n  has  the  assumed 
maximum  variation  of  1.00029  to  1.00026  is  illuminated  by  a  light  source 
(direction  of  propagation  from  dense  to  rare),  the  angle  of  incidence  has 
to  exceed  89.5°  (1/2°  grazing  angle)  in  order  to  get  total  reflection  and 
a  possible  mirage  image.  For  all  practical  purposes,  0.  i>  can  hr  coti.: le¬ 
ered  as  the  near-maximum  angle  of  illumination  that  will  allow  for 
formation  of  a  mirage.  When  the  rf  ractive  index  decreases  with  height 
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across  the  boundary  and  illumination  is  from  below,  the  mirage  image 
appears  at  a  maximum  angular  distance  of  about  1°  above  the  true  position 
of  the  light  source  as  illustrated  in  Fig.  6a  .  lienee,  one  degree  of  ere 
must  represent  about  the  maximum  angular  distance  that  can  be  i‘xj>eeted 
between  the  true  position  of  the  light  source  and  its  refracted  image. 

When  the  image  appears  above  the  true  position  of  the  source,  the  mirage 
is  referred  to  as  a  superior  mirage.  When  the  refractive  index  increases 
with  height  and  illumination  is  from  above,  an  inferior  mirage  appears, 
i.e.,  the  image  lies  below  the  true  position  of  the  source  as  shown  in 
Fig.  6b. In  terms  of  vertical  temperature  gradient,  the  superior  mirage  is 
associated  with  an  inversion  and  the  inferior  mirage  with  a  large  temper¬ 
ature-lapse. 

It  is  evident  that  the  presence  of  a  layer  of  large  temperature- 
gradient  is  necessary  but  not  sufficient  for  mirage  formation.  A  remain¬ 
ing  requirement  '3  the  presence  of  light  that  illuminates  the  layer  at 
grazing  incidence.  The  incident  light  can  originate  from  a  physical 
source  such  as  sun,  moon,  or  planet,  or  it  can  be  skylight  or  sunlight 
reflected  from  the  ground. 

Whether  the  mirage  is  observed  or  not  depends  on  the  position  of  the 
observer  with  respect  to  the  light  source  and  the  refracting  layer.  The 
planar  geometry  involvedina  mirage  observation  can  be  illustrated  by 
applying  Eq.  (3): 

n  sin  $ 

j  o  o 

4X  ’  _ 

d  / - 

*  J  n2  -  n2  sin2  $ 

o  o 

to  a  rectangular  coordinate  system  in  which  the  abscissa  coincides  with 
the  ground.  For  simplicity  it  is  assumed  that  n2  =  n2  -  z  (i-e.>  the 
refractive  index, n  ,  decreases  with  height),  so  that  the  solution  to 
Eq.  (.3)  represents  a  family  of  parabolas  of  the  form 

X  =  n  2  sin  20  -  2 n  sin  6  /n2  cos2  b  -  z 

A  o  o  o  oo  o 

(In  applying  Eq.  (3)..  a  represents  az  'where  a'  has  units  of  height  and 
a  is  the  scale  factor).  The  family  of  parabolas,  sketched  in  Fig.  7,  can 
be  thought  of  as  representing  the  light  rays  from  a  point  source  located 
at  the  origin  of  the  coordinate  system.  Using  the  upper  and  lower  limit 
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FIG.  6  LIMITING  ANGULAR  VIEWING  GEOMETRY  OF  (a)  SUPERIOR  MIRAGE, 
(b)  INFERIOR  MIRAGE 
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of  the  optical  refractive  index,  =  1.00029  and  n  *  1.00026,  the  largest 
horizontal  distance  (D)  is  covered  by  the  light  ray  for  which  9q  =  89.5° 
(angles  are  exaggerated  in  Fig.  7  ).  All  mirage  images  must  be  observed 
within  this  distance  (see  Fig.  7).  d  can  be  expressed  in  terms  of  the 
height  (H)  of  the  refracting  layer  as  follows.  For  each  member  of  the 
family  of  parabolas,  z  is  maximum  at  the  point  where  (dz/d\)  =  o,  i.e.,  at 
the  point  (  z ■  nQ cos2  Oq,  x  =  n£  sin  29q).  Since  each  member  is  symmetric 
with  respect  to  this  point  also, 

D  2*2  sin  2  (89.5°) 

H  y~"  *  /on  r ns  =  ^  tan  89.5 
n  *2  cos 2  (89.5°) 
o 

Hence,  D  *  500H,  i.e.,  all  mirage  images  in  this  particular  case  are 
observed  within  a  distance  from  the  light  source  that  is  about  500  times 
the  thickness  of  the  refracting  layer.  For  example,  when  the  thickness 
of  the  refracting  layer  is  10  meters,  no  mirage  observations  of  a  partic¬ 
ular  object  are  likely  beyond  a  distance  of  5  km.  At  about  5  km  an  image 
of  the  object  may  appear  at  an  elevation  of  about  0.5°,  while  within  5  km 
images  may  appear  at  increasingly  lower  elevation  angles  until  the  eye  can 
no  longer  clearly  separate  the  image  from  the  source. 

The  preceding  discussion  applies  only  to  the  case  where  the  observer 
is  located  within,  or  at  the  boundary  of,  the  mirage-producing  layer.  If 
the  observer  is  some  distance  above  or  below  the  mirage-producing  layer, 
mirages  of  •nuch  more  distant  objects  may  appear. 

From  the  above,  it  is  evident  that  principal  characteristics  of  the 
optical  mirage  are  the  small  elevation  angles  under  which  the  phenomenon 
is  observed  (< 1°)  and  the  large  distances  (tens  of  kilometers)  between 
observer  and  "mirrored"  object  that  are  possible.  The  geometry  of  the 
mirage  explains  why  many  observations  are  made  on  or  near  horizontally 
extensive,  flat  terrain  such  as  deserts,  lakes,  and  oceans  and  frequently 
involve  images  viewed  through  binoculars  (oases,  ships,  islands,  coastal 
geography).  Furthermore,  the  above  geometry  illustrates  that  the  duration 
of  a  mirage  observation  is  critically  dependent  on  whether  or  not  the 
source  and  observer  are  in  relative  motion.  For  example,  when  the  light 
source  is  moving  in  such  a  way  that  the  angle  of  illumination,  0q,  oscill¬ 
ates  around  the  critical  angle,  a  stationary  observer  located  at  A  in 
Fig.  7 may  see  a  mirage  image  that  alternately  appears  and  disappears.  On 
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the  other  hand,  when  the  observer  is  moving  relative  to  the  source  (from 
A  to  B  in  Fig.  7),  the  mirage  ima^e  can  change  elevation,  thereby  creating 
an  illusion  of  motion. 

2.  Number  and  Shape  of  Mirage  Images 

It  has  been  recognized  that  systematic  refraction  of  the  light  from 
a  single  source  can  lead  to  multiple  mirage  images  the  shapes  of  which 
can  be  complicated.  The  early  observations  by  Vince  (1798)  and  Scoresby 
{1820)  included  sightings  of  completely  or  partially  inverted  images  of 
a  single  distant  ship.  From  a  coastal  position  on  the  English  Channel, 

John  Parnell  (1869)  observed  five  elevated  images,  all  in  a  vertical  line, 
of  a  lighthouse  on  the  French  Coast.  All  five  images  had  different  shapes. 
During  their  observations  in  Spain,  Biot  and  Arago  (1809)  observed  up  to 
four  elevated  images  of  a  distant  (161  km)  light  signal.  The  images 
disappeared  and  reappeared  intermittently  and  at  times  joined  to  form  a 
narrow  vertical  column  of  light  which  subsequently  separated  into  two 
parts,  the  lower  part  appearing  red  and  the  upper  part  appearing  green. 

The  above  observations  resulted  from  abnormal  atmospheric  light-refraction 
the  observed  images  were  distant,  and  in  most  cases  detailed  descriptions 
were  made  with  the  aid  of  binoculars. 

Practically  all  theoretical  and  experimental  investigations  of  optical 
mirages  (e.g.,  Wollaston  1800;  Hillers  1914;  R.  W.  Wood  1911)  have  been 
concerned  with  demonstrating  the  number  and  shape  of  observed  images. 

Tait's  theoretical  treatise  and  Wollaston's  laboratory  experiment  can  be 
considered  classical  examples.  Tait's  terrestrial-refraction  model  repre¬ 
sents  a  horizontally  stratified  atmosphere,  and  a  vertically  finite  refrac¬ 
ting  layer  with  a  continuous  change  in  refractive  index.  Under  these 
assumptions  the  paths  of  light  rays  are  represented  by  the  solution  to  the 
differential  equation: 

dx  =  sin  *o 


fn^-n*  sin* 
o 


where  n  can  be  expressed  as  a  continuous  function  of  height  (a).  Tait 
shows  that  the  number  and  shape  of  mirage  images  depend  on  the  detailed 
structure  of  the  refractive-index  profile  (temperature  pi'ofilc)  within 
the  refracting  layer.  For  example,  the  elevated  mirage  image  of  a  distant 


4 1* 


object  becomes  inverted  when  the  refractive  index  in  the  upper  part  of 
the  refracting  layer  decreases  more  rapidly  with  height  than  in  the  lower 
part.  This  "classical"  explanation  of  image  inversion  is  illustrated  in 
Fig.  8.  Shown  are  the  paths  of  two  light  rays  obtained  from  solving 
Eq.  (3)  for  «2  „  n2  _  a2.  Thus,  the  refractive-index  gradient  (3 »/3a)  in 
the  upper  part  of  the  refracting  layer  is  much  larger  than  in  the  lower 
part.  When  the  observer's  eye  is  placed  at  the  origin  of  the  X,^  coor¬ 
dinate  system,  observed  image-inversion  arises  from  the  crossing  of  light 
rays. 

Apparent  vertical  stretching  (elongation,  towering)  of  a  luminous 
object  due  to  refraction  is  illustrated  in  Fig.  9.  For  the  sake  of  clarity, 
height  and  elevation  angles  are  exaggerated.  A  horizontal  refracting  layer 
is  assumed  that  is  10  meters  thick  and  through  which  the  refractive  index 
C n)  decreases  with  height  (2)  from  1.00029  to  1.00026  according  to  the 
relation  n2  *  (1.00029) 2  -  a2.  Hence,  the  refraction  of  a  light  ray  in¬ 
creases  with  height.  It  can  be  shown  that  a  10-m-high  luminous  object 
placed  at  a  horizontal  distance  of  2  km  subtends  an  angle  of  approximately 
26.5'  at  the  origin.  In  the  absence  of  the  refracting  layer  the  object 
would  have  subtended  ar  angle  of  16.8'.  The  apparent  vertical  stretching 
is  brought  about  by  the  refractive-index  profile;  i.e.,  the  increase  in 
"bending'  of  the  light  rays  with  height  elevates  the  upper  part  of  the 
luminous  source.  Vertical  stretching  can  lead  an  observer  to  underesti¬ 
mate  the  true  distance  to  the  luminous  object.  Vertical  shrinking  (stoop¬ 
ing)  of  an  extended  object  can  be  demonstrated  similarly  by  assuming  a 
refractive-index  profile  that  is  associated  with  a  decrease  of  the  gradient 
with  height.  In  the  case  of  vertical  shrinking,  the  true  geometric  dis¬ 
tance  to  the  object  involved  is  usually  smaller  than  the  apparent  distance. 

Many  examples  of  image  inversion,  vertical  stretching,  and  shrinking 
due  to  abnormal  atmospheric  refraction  are  given  in  The  Marine  Observer, 

Tait's  theoretical  approach,  the  emphasis  on  the  refractive-index 
profile,  is  basic  to  many  other  theoretical  investigations  of  the  mirage. 

For  example,  Wilhelm  Hillers  f 1913)  shows  how  two  refracted  images  of  a 
single  light  source  can  be  formed  when  the  profile  in  the  refracting 
layer  is  such  that  the  refracted  rays  are  circular.  Fig.  10  shows  the 
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FIG.  8  CLASSICAL  EXPLANATION  OF  IMAGE  INVERSION  (AB  to  BA) 
BY  THE  CROSSING  OF  LIGHT  RAYS 


FIG.  9  ELONGATION  OF  LUMINOUS  OBJECT  DUE  TO  LIGHT  REFRACTION 


luminous  object 


North  Atlaatic  Ocean 


S.S.  Bristol  City .  Captain  A.  L.  Webb,  O.B.E.  Sydney 
(C.B.)  to  Swansea.  Observers,  the  Master  and  Mr.  R. 
Whitman,  3rd  Officer. 

18th  September,  1952,  2000  G.M.T.  A  vessel  approach¬ 
ing  end-on  at  15  miles,  with  hull  just  visible,  appear¬ 
ed  to  have  elongated  masts  and  funnel  (Fig.  1).  At 

i  i 

Fiji,  i  Fit!.  J 

10  miles  the  hull  also  became  enlarged  and  the  bow 
wave,  very  prominent  (Fig.  2),  appeared  to  move  up  and 
down  the  length  of  the  stem.  At  5  miles  the  vessel 
resumed  normal  shape.  At  the  same  time  and  position  a 
second  vessel,  when  10  miles  to  the  s'ward,  suddenly 
developtd  an  inverted  image  which  lasted  for  15  min 
before  disappearing  (Fig  3).  A  few  minutes  later  the 
wake  appeared,  very  prominent,  resembling  heavy  surf 
which  lasted  another  10  min  (Fig.  4).  Before  passing 
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out  of  view  the  vessel  appeared  to  take  on  a  "block" 
shape  (Fig.  5),  only  resuming  its  normal  shape  at 
brief  intervals  as  the  vessel  dipped  in  the  slight 
swell.  Sea  Temp.  53°F,  air  temp.  52°,  wet  bulb  50°. 
Calm  sea,  slight  swell. 

Position  of  ship:  48°32'N,  44°50'W. 

Note.  This  observation  is  also  one  of  superior  mirage 
and  in  Fig.  3  the  inverted  image  is  clearly  seen.  In 
Figs.  1  and  2  the  vertical  extension  and  distortion 
known  as  looming  is  well  marked. 

(Reproduced  from  The  Marine  Observer,  Vol.  23,  No.  U>1, 
p.  143,  July  1953) 
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South  Atlantic  Ocean 

S.S.  Tenagodua.  Captain  W.  Broughton.  Cape  Town  to 
Algiers.  Observers,  Mr.  J.  J.  Diston,  Chief  Officer, 
and  Mr.  J.  F.  Gristwood,  2nd  Officer. 

2nd  March,  1955,  1730-1800  L.T.  About  one  hour  after 
leaving  Cape  Town  abnormal  refrac¬ 
tion  was  noticed  around  the  horizon 
from  SW.  through  N.  to  E.  A  large 
tanker,  8  miles  distant  on  the  port 
beam,  was  considerably  distorted; 
the  funnel  was  greatly  elongated  and 
appeared  taller  than  the  masts,  and 
swayed  occasionally.  The  radar  scanner  appeared  sus¬ 
pended  well  above  the  ship.  On  the  starboard  bow,  28 
miles  distant,  a  hill  280  ft  high  at  Ysterfontein 
Point  was  observed  to  have  an  inverted  image.  A  few 
minutes  later  there  were  three  inverted  images;  these 
gradually  telescoped  until  the  hill  appeared  as  a  block. 
Temperatures:  air  66°F,  sea  59°.  Slight  sea,  low  swell. 

Position  of  ship:  33°49'S.,  18°16'E. 


(Reproduced  from  The  Marine  Ob$erver,  Vol.  26,  No.  172,  April  1956) 
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geometry  of  this  special  case.  The  refracting  layer  lies  above  the 
observer  and  the  distant  light  source.  Refraction  below  the  refracting 
layer  is  assumed  negligible,  i.e.  ,  light  rays  are  rectilinear.  When 
the  light  rays  penetrating  the  refracting  layer  are  cirtles  concentric 
about  M,  two  separate  rays  emanating  from  the  light  source  reach  the 
observer's  eye  and  all  rays  imtermediate  and  outside  these  two  fail  to 
be  tangent  to  a  concentric  circle.  Consequently,  the  observer  views 
two  separate  images.  An  example  of  three  observed  images  of  a  distant 
hill  is  shown  in  the  figure  on  page  1026  in  an  excerpt  from  The  Marina 
Observer. 

Tait's  approach  cannot  be  applied  indiscriminately  to  all  mirage 
phenomena  because  integration  of  Eq.  (3)  is  restricted  to  a  selected 
range  of  refractive  index  profiles.  Furthermore,  the  effect  of  the 
earth's  curvature  is  excluded  so  that  only  mirage  phenomena  associated 
with  not-too-distant  objects  can  be  considered.  Hence,  Tait's  model 
cannot  explain  mirage  observations  associated  with  extraterrestrial 
sources  such  as  the  sun  or  the  moon. 

Alfred  Wegener  (1918)  has  developed  an  atmospheric-refraction  model 
that  explains  distorted  images  of  the  sun,  moon,  planets,  or  stars  that 
are  often  observed  near  the  horizon.  Wegener  assumes  a  spherically 
stratified  atmosphere  and  reduces  the  refracting  layer  to  a  refracting 
boundary  or  surface  of  total  reflection.  Wegener  demonstrated  that  when 
the  refracting  boundary  lies  above  the  observer  and  the  sun  is  on  the 
horizon,  the  boundary  refracts  the  solar  light  rays  in  such  a  way  that 
the  observer  views  two  separate  images  of  the  solar  disc,  a  flattened 
upper  image  and  a  distorted  lower  image.  Fig.  11  shows  the  successive 
form  of  the  two  images  for  a  setting  sun  or  moon  in  the  presence  of  a 
7°  temperature- inversion  layer  50  m  above  the  observed  as  computed  by 
Wegener.  The  degree  of  deflection  of  the  incoming  light  rays  and  con¬ 
sequently  the  degree  of  distortion  of  the  solar  disc  depends  on  the 
refractive- index  change  or  temperature  change  across  the  reflecting 
boundary.  When  the  temperature  change  is  small,  only  a  single  distorted 
image  of  the  solar  disc  appears.  When  the  change  across  the  boundary  is 
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FIG.  11  SUCCESSIVE  IMAGES  OF  SETTING  SUN  OR  MOON  DURING  CONDITIONS 
OF  MIRAGE 
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very  large  only  the  the  flat  upper  part  of  the  "split"  solar  image  is 
seen,  so  that  the  setting  sun  appears  to  vanish  above  the  horizon.  When 
the  atmosphere  is  highly  stratified,  i.e.,  when  several  horizontal  refract¬ 
ing  boundaries  are  present,  the  setting  sun  can  appear  like  a  Chinese 
Pagoda  or  like  a  stack  of  discs.  The  refracted  images  of  the  setting  sun 
computed  by  Wegener's  model  agree  closely  with  those  photographed  and 
described  by  D.  J.  h.  O'Connell  (1958)  in  connection  with  a  study  of  the 
green  and  red  flash  phenomena. 

Wegener's  model  is  not  restricted  to  luminous  sources  outside  the 
earth's  atmosphere.  It  can  be  applied  to  distant  terrestrial  objects 
such  as  mountains  from  which  emitted  light  rays  are  at  grazing  incidence 
to  the  top  of  the  refracting  boundary.  Wegener's  model  of  atmospheric 
refraction  illustrates  the  characteristics  that  are  basic  to  many  spec¬ 
tacular  risings  or  settings  of  sun,  moon,  or  planet.  Following  are  three 
accounts  of  such  abnormal  atmospheric-refraction  phenomena  as  given  in 
The  Marine  Observer. 

The  atmospheric-refraction  models  of  Tait  and  Wegener  quantitatively 
explain  the  basic  characteristics  of  the  most  commonly  observed  mirage- 
images.  Other  theoretical  investigations  are  available  that  discuss  var¬ 
ious  special  aspects.  For  example,  the  theory  of  the  superior  mirage  by 
Odd  Haug  explains  the  appearance  of  up  to  four  images  from  a  single  source. 
Wilhelm  Hillers  treats  the  special  case  of  a  lateral  mirage,  i.e.,  the 
refriction  of  light  when  e  refractive-index  gradient  is  horizontal,  as 
may  be  the  case  along  a  wall  heated  by  solar  radiation,  ko j i  llidaka  and 
Gustav  Forster  discuss  the  theory  of  refraction  when  the  surfaces  of  con¬ 
stant  density  in  the  atmosphere  are  somewhere  between  horizontal  and 
vertical.  Together,  these  theoretical  models  explain  adequately  the 
varying  ways  in  which  a  mirage  image  can  appear  to  an  observer.  Current¬ 
ly,  there  is  no  single  model  with  a  numerical  solution  to  all  aspects  of 
the  mirage. 


w. 


1030 


ABNORMAL  REFRACTION 
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Off  coast  of  Portugal 


M.  V.  Australind.  Captain  J.  F.  Wood.  Port  Said  to  Bremen.  Observer, 
Mr.  D.  Ewan,  Chief  Officer. 

27th  April,  1950,  0546-0549  c.M.T.  The  accompanying  sketches  picture 
the  sequence  of  shapes  assumed  by  the  sun  as  a  result  of  refraction.  After 


(r>)  0>)  O) 


clearing  the  horizon  the  sun  slowly  regained  its  normal  proportions  and  at 
an  altitude  of  1*  no  retraction  was  apparent.  No  land  was  visible  near  (lie 
phenomenon.  Wind  N.  force  4.  Barometer  1020-3  mb.,  aii  ter'p.  58° I  . 
Sky  cloudless. 

Position  of  ship:  L  atitude  38°  04  N  ,  Longitude  9°  24'  W. 


r»1  f  I  om  I  hr  V  ii  r  i  n  r  M  1  v  r  r  t  r  r  ,  \  o  I 
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ABNOKMAL  REFRACTION 
Narth  Aft— Hr  Oca— 


O.W.S.  Wtalktt  Rttoritr.  Captain  A.  W.  Ford.  At  Ocean  Weather  Station  A. 
Obaerver,  Mr.  J.  Ballantyne,  3rd  Officer. 

5th  May,  1055,  2220-2340  O.M.T.  Toward*  lunect  abnormal  refraction  waa 
observed,  and  for  a  while  two  bum  were  visible.  A  false  sun  was  seen  for  half  its 


aaao 


aa^s 


diameter  on  the  horison,  and  touching  the  read  sun  above.  The  real  sun  was  partly 
obscured  by  cloud.  The  false  sun  persisted  for  3  or  4  min  after  the  real  sun  had 
set.  A  vertical  ray  with  reddish  coloration  extended  to  about  40  above  the  real  sun. 


(Reproduced  front  Thr  Mar  inf  Obserter,  Vo  1 .  26,  No,  172,  April  )4fjh) 


ABNORMAL  REFRACTION 
English  Channel 


M.V.  Timaru  Star.  Captain  H.  W.  McNeil.  London  to  Curasao.  Observer, 
Mr.  N.  Johnson,  3rd  Officer 


(•) 


(a)  (3) 


(4) 


4th  January,  1956.  While  proceeding  down  the  English  Channel  at  0800  g.m.t., 
shortly  after  sunrise,  the  sun  was  observed  to  have  a  distorted  appearance  (sketch  1). 
By  0810  while  the  sun  continued  to  rise  a  false  “  sun  ”  began  to  set.  Two  minutes 
later  there  was  a  distinct  gap  between  the  true  sun  and  the  false  and  by  0814  the 
false  sun  was  no  longer  visible.  In  the  area  of  the  rising  true  sun  the  sky  wia  clear 
and  a  bright  orange  in  colour.  A  phenomenon  similar  to  sketch  2  was  observed  2t 
sunset  on  the  same  day. 

Position  of  ship:  50°  05'N.,  02°  04'w. 


( Hr  prod  need  from  Thr  Marine  Observer,  Vol.  27,  No.  175,  p.  1  I,  1957) 
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3.  Effects  from  Focussing  and  Interference 

A  recent  theoretical  and  experimental  investigation  of  the  optical 
mirage  is  pr'-nnted  by  Sir  C.  V.  Raman  (1959).  Sir  C.  V.  Raman  demon¬ 
strates  that  multiple,  inverted  images  of  a  single  object  can  arise  from 
interference  and  focussing  of  the  incident  and  reflected  wavefronts  near 
the  boundary  of  total  reflection.  Raman's  work,  which  is  entirely  based 
on  wave  theory,  suggests  the  interaction  of  wavefronts  within  a  refracting 
layer  as  a  mechanism  in  mirage  formation. 

The  occurrence  of  focussing  and  interference  in  situations  that  give 
rise  to  mirage,  examined  specifically  by  Raman,  is  also  evident  from  var¬ 
ious  investigations  based  on  geometrical  optics.  For  example,  the  crossing 
of  light  rays  mentioned  in  connection  with  image  inversion  implies  inter¬ 
ference  of  wavefronts  at  the  points  of  intersection. 

The  visual  effects  from  focussing  and  interference  must  be  considered 
in  particular  when  plane-parallel  radiation  (radiation  from  a  very  distant 
source)  is  incident  on  a  layer  of  total  reflection.  In  this  case,  there 
is  a  constant  crossing  of  light  rays  within  a  relatively  narrow  region  of 
the  refracting  layer,  as  illustrated  in  Fig.  12  (for  the  sake  of  clarity, 
height  and  elevation  angles  are  exaggerated).  In  Fig.  12,  a  circular 
collimated  light-beam  of  diameter  A  is  incident  on  the  lower  boundary  of 
a  temperature-inversion  layer  at  angle  equal  to  or  exceeding  the  critical 
angle  for  total  reflection.  Interference  of  the  incident  and  reflected 
wavefronts  occurs  in  a  selected  layer  near  the  level  of  total  reflection. 
This  layer,  shaded  in  Fig.  12,  has  a  maximum  thickness  B,  which  is  depen¬ 
dent  on  A.  In  the  absence  of  absorption,  the  amount  of  radiant  energy, 
flowing  per  unit  time  through  vA2  equals  that  flowing  through  uG? .  When 
B  is  less  than  A,  the  energy  density  at  B  is  larger  than  at  A,  so  that  the 
brightness  of  the  refracted  light  beam  increases  in  the  layer  of  inter¬ 
ference. 

An  example  of  the  ratio  of  A  to  B  can  be  given  with  the  aid  of  Eq.  (3). 
It  is  assumed  that  the  optical  refractive  index  through  the  inversion 
layer  varies  from  nQ  =  1.00029  to  n  =  1.00026  according  to  n2  =  n2  -  z. 
When  the  angle  of  incidence  is  near  the  critical  angle  for  total  reflection 
(0q  =  89.5°),  the  light  rays  within  the  inversion  layer  are  parabolas  and 
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FiG  12  INCREASE  IN  ENERGY  DENSITY  NEAR  UPPER  BOUNDARY 
OF  HIGH-LEVEL  TEMPERATURE  INVERS.ON 


the  level  of  total  reflection  coincides  with  the  upper  boundary  of  the 
inversion  layer.  Under  these  conditions,  it  can  be  shown  that 

B  _  A 

A  “  16H 

where  H  is  the  thickness  of  the  temperature-inversion  layer.  When  the 
diameter  A  of  the  incident  light  beam  is  less  than  16H,  B  is  less  than 
A  and  a  brightening  or  focussing  occurs  near  the  top  of  the  inversion. 
When  the  angle  of  incidence  of  the  light  beam  is  larger  than  the  criti¬ 
cal  angle,  *->  89.5°,  the  level  of  total  reflection  lies  below  the  upper 
boundary  of  the  inversion  layer.  In  this  case,  brightening  can  still 
occur  near  the  level  of  total  reflection,  but  the  restrictions  on  the 
required  beam-diameter  become  rather  severe.  The  above  example,  based 
on  a  special  case,  demonstrates  that  sudden  brightening  can  be  encount¬ 
ered  near  the  upper  boundary  of  a  refracting  layer  when  optical  mirages 
are  associated,  with  a  refracting  layer  that  is  thick  with  respect  to 
the  dimeter  of  the  incident  light  beam  from  a  distant  source  and  when 
the  angle  of  incidence  is  near  the  critical  angle. 

Observations  of  the  brightening  phenomenon  must  be  considered  rare 
in  view  of  the  selective  location  of  its  occurrence  within  the  temper¬ 
ature-inversion  layer  and  the  requirement  of  plane-parallel  incident 
radiation.  Upper- level  inversions  seem  most  likely  to  produce  the 
phenomenon.  Some  photographs  showing  apparent  brightening  of  "spike" 
reflections  on  the  edge  of  the  setting  sun  are  shown  in  O'Connell (1958, 
c . f . ,  p.  158). 

Microscopic  effects  due  to  interference  of  wavefronts  within  the 
area  of  brightening  are  illustrated  in  Fig.  13.  Wavefronts  are  indi¬ 
cated  rather  than  light  rays.  Unless  absorption  is  extremely  large, 
light  rays  are  normal  to  the  wavefront.  A  train  of  plane-parallel  waves 
is  assumed  incident  on  the  lower  boundary  of  a  refracting  layer  in  which 
the  refractive-index  decreases  with  height.  When  the  angle  of  incidence 
equals  the  critical  angle,  the  incident  waves  are  refracted  upon  enter¬ 
ing  the  refracting  layer  and  are  totally  reflected  at  the  upper  boundary 
The  crests  and  troughs  of  the  waves  are  indicated  by  solid  lines  and 
dashed  lines,  respectively.  At  the  upper  boundary,  the  wavefronts  of  the 
incident  and  reflected  waves  converge  to  a  focus.  The  focus  is  called 
a  cusp.  The  upper  boundary  of  the  refracting  layer  resembles  a  caustic, 
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FIG.  !3  SIMPLIFIED  CONSTRUCTION  OF  WAVEFRONTS  IN  REGION  OF  INTERFERENCE  AND 


i.e.,  an  envelope  of  the  moving  cusps  of  the  propagating  wavefronts. 
Because  of  the  focussing  of  wavefronts,  a  large  concentration  of  radiant 
energy  is  usually  found  along  the  caustic  (see  Raman,  1959).  In  the 
area  where  the  incoming  and  outgoing  wavefronts  interact,  destructive 
interference  is  found  along  AA'  and  CC'  (troughs  meeting  crests),  while 
constructive  interference  is  found  along  BB'  (incident  and  reflected 
waves  have  similar  phase).  Hence,  brightness  variations  can  be  expected 
in  the  interference  layer,  as  demonstrated  by  Sir  C.  V.  Raman  (1959). 

To  what  extent  the  microscopic  effects  from  interference  and  focussing 
can  be  observed  under  actual  atmospheric  conditions  of  mirage  is  not 
known.  Undoubtedly,  the  proper  relation  between  refracting  layer  and 
distant  light  source  must  be  combined  with  an  observer's  position  near 
the  upper  boundary  of  the  refracting  layer.  If  the  dark  and  bright 
bands  in  the  area  of  interference  can  be  observed,  the  observer  could 
easily  get  the  impression  that  he  is  viewing  a  rapidly  oscillating  light 
or  a  light  that  is  drawing  near  and  moving  away  at  rapid  intervals. 
Nighttime  observations  by  airplane  are  most  likely  to  provide  proper 
evidence  of  this  effect. 

Currently,  the  focussing  and  interference  effects  are  the  least 
explored  and  consequently  the  least  discussed  of  the  various  aspects 
associated  with  optical  mirage. 


4.  Refractive  Separation  of  the  Color  Components 


of  White  Light  (Color  Separat i on) 


Due  to  the  wavelength  dependence  of  the  optical  refractive  index, 
systematic  refraction  of  white  light  leads  to  a  separation  of  the  com¬ 
posing  colors.  Visible  effects  of  color  separation  are  most  frequently 
associate i  with  astronomical  refraction.  In  this  case,  the  light  enters 
the  atmosphere  at  an  upper  boundary  where  n  approaches  unity  for  all 
wavelengths.  At  an  observation  site  near  sea  level  n  is  wavelength-depend¬ 
ent,  so  that  from  the  upper  boundary  of  the  atmosphere  to  the  observation 
site  the  individual  color  components  are  refracted  at  different  angles. 

The  basic  composing  color  of  white  light  may  be  assumed  to  be  red  (24%)  , 
green  (38%),  and  blue-violet  38%);  the  red  is  refracted  less  than  the 
green,  while  the  green  is  refracted  less  than  the  blue-violet.  The 


visual  effects  of  color  separation  depend  onrthe  zenith 
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angle  of  the  extraterrestrial  light  source.  When  a  white  light  source 
is  more  than  50°  above  the  horizon,  the  color  separation  is  simply  too 
small  to  be  resolved  by  the  eye.  Close  to  the  horizon  it  can  be  observed 
only  in  the  case  of  very  small  light  sources.  The  principle  of  color 
separation  in  astronomical  refraction  is  illustrated  in  Fig.  14.  The 
light  from  an  extended  source  enters  the  top  of  the  atmosphere  and  is 
separated  with  respect  to  color  in  the  order  red,  green,  blue,  and 
violet.  A  bundle  of  light  rays  of  diameter  D  can  be  selected  for  which 
all  colors,  upon  refraction,  converge  at  0.  Hence,  an  observer  at  0 
sees  the  entire  color  mixture  as  white.  When  the  extended  source  has 
a  diameter  larger  than  D,  an  area  rather  than  a  single  point  of  color 
blending  is  formed.  However,  when  the  diameter  of  the  source  becomes 
less  than  D,  the  point  of  color  convergence,  0,  recedes  from  the  loca¬ 
tion  of  the  observer.  Now  the  observer  begins  to  see  a  gradual  refractive 
separating  of  color  such  that  red  tends  to  lie  below  green,  and  green 
tends  to  lie  below  blue-violet  (see  Fig.  14). 

The  diameter  of  the  light,  beam  from  a  given  extraterrestrial  source 
decreases  with  respect  to  an  earth-bound  observer,  with  increasing  dis¬ 
tance  from  the  zenith,  as  illustrated  in  Fig.  14.  Thus,  when  the  zenith 
angle  increases,  the  apparent  diameter  D  of  the  light  source  decreases 
rapidly  to  a  minimum  value  on  the  horizon.  Hence,  the  chance  of  having 
a  light  source  of  diameter  less  than  D  is  greatest  on  the  horizon.  There¬ 
fore  ,  color  separation  is  observed  most  frequently  on  the  horizon ,  when 
the  light  source  is  reduced  to  a  bright  point  like  a  star  or  a  minute  por¬ 
tion  of  the  solar  or  lunar  disc.  A  prominent  example  of  the  visible 
effects  of  color  separation  is  the  so-called  Green  Flash.  This  phenom¬ 
enon  is  sometimes  observed  when  the  sun  disappears  in  a  clear  sky  below 
a  distant  horizon.  The  last  star-like  point  can  then  be  seen  to  change 
rapidly  from  pale  yellow  or  orange,  to  green,  and  finally,  blue,  or  at 
least  a  bluish-green.  The  vividness  of  the  green,  when  the  sky  is  ex¬ 
ceptionally  clear,  together  with  its  almost  instant  appearance  and 
extremely  short  duration,  has  given  rise  to  the  name  "green  flash"  for 
this  phenomenon. 


1038 


Hg.  14  Refractive  Color  Separation  aa  a  Function  of  Zenith  Angle 
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The  same  gamut  of  colors,  only  in  reverse  order,  occasionally  is  seen 
at  sunrise.  The  observations  of  the  Green  Flash  require  an  unusually 
clear  atmosphere  such  that  the  sun  is  yellowish,  and  not  red,  as  it  begins 
to  sink  below  the  horizon.  A  red  setting  sun  means  that  the  blue  and 
green  portions  of  the  spectrum  are  relatively  strongly  attenuated  by  the 
atmosphere  and  hence  indicates  that  conditions  are  not  favorable  for  see¬ 
ing  the  greenish  segment.  Thus,  the  meteorological  conditions  required 
for  observing  color  separation  are  even  more  stringent  than  those  required 
for  observing  optical  mirages.  Examples  of  color  separation  associated 
with  astronomical  refraction  are  given  on  the  following  page  in  excerpts 
from  The  Marine  Observer. 

In  terrestrial  refraction  the  composing  colors  of  white  light  are 
very  seldom  separated  to  the  extent  that  the  effects  can  be  observed  with 
the  naked  eye.  When  the  wavelength  dependence  of  the  refractive  index  is 
put  back  into  Eq.  (4), 

3n  _  „  r  /  ,  5.15  x  10"3  1.07  x  10' 

77.5  ^1  ♦  - p -  +  - - 

Hence,  for  a  given  temperature  inversion,  the  refrac 
somewhat  faster  with  height  (*)  for  \  *  0.4y  (blue)  than  for  X  =  0.7  y  (red), 
so  that  the  blue  rays  are  refracted  more  than  the  red  rays.  However,  the 
difference  is  generally  too  small  to  be  resolved  by  the  eye.  Only  under 
very  special  conditions  can  a  visible  effect  be  imagined.  For  example,  when 
a  100-m- thick  inversion  layer  is  assumed  to  be  associated  with  a  AT  ■  30°C, 
the  change  of  the  refractive  index  for  blue  light  and  red  light  is  respec¬ 
tively,  An(0.4  y)  =  3.01  x  10"^  and  An(0.7  y)  ■  2.93  x  10’^.  When  the  optical 
refractive  indices  at  the  lower  boundary  of  the  inversion  are  ^(0.4  p)  5 
1.000282  and  nQ  (0.7  y)  *  1.000275  (corresponding  to  P  *1013.3  mb  and 
T  ■  15°C),  values  at  the  upper  boundary  are  «c(0.4  u)  =  1.000252  and 

«(0.7  y)  ;  1.000246.  When  white  light  is  incident  at  the  lower  boundary 
of  the  inversion  at  an  angle  such  that 

1.000246  ....  1.000252 

1.000275  Sin  9 o  1.000282 

then  the  blue  rays  are  totally  reflected  by  the  inversion  layer  but  the  red 
rays  are  transmitted.  Hence,  for  4>q  =  89°  33'  30"  the  blue  rays  are  totally 
reflected,  and  for  4>0  *  89°  33'  54"  the  red  rays  are  totally  reflected.  The 
visible  effects  of  color  separation  that  can  arise  when  $0  fluctuates  from 
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SETTING  OF  THE  PLANET  VENUS 
Indian  Ocean 


S.S.  Strathnaver  Captain  I.  M.  Sinclair.  Australia  to  London.  Observer, 
Mr.  J.  C.  Vint,  Supernumerary  2nd  Officer. 

6th  December,  1957  at  2105S.M.T.  The  accompanying  sketch  illustrates  the 
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changes  observed  in  the  planet  as  it  was  setting.  Prismatic  binoculars  were  used  to 
observe  the  phenomena. 

Position  of  ship:  oT  40'N.,  8.fr  32'E. 

Note.  The  phenomena  seen  at  the  setting  of  the  bright  planets  Venus  and  Jupiter  vary 
considerably  on  different  occasions  and  are  always  intension/  Sometimes  no  double 
images  occur.  When  they  are  seen,  they  may  be  of  the  same  or  different  colours  The 
green  colour  is  not  always  seen  before  the  instant  of  setting,  as  it  was  in  this  observation 


(  Hrp induced  f rutu  The  Marin?  Observer ,  Vo  l .  28,  No.  182, 
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GREEN  FLASH 
Sooth  Atlantic  Ocsaa 

M.V.  Drina.  Captain  F.  J.  Swallow.  Laa  Palmas  to  Bucnoa  Aire*.  Observer 
Mr.  W.  M.  Wheatley,  Chief  Officer. 

28th  January,  1956.  At  aunaet  the  aun,  when  half  a  diameter  above  the  horizon, 
became  lemon-coloured,  although  the  shape  remained  normal.  The  final  visible 
aegment  of  the  aun  turned  to  a  vivid  electric  blue.  Viaibility  excellent.  The  aky 
after  aunaet  waa  colourful  with  great  clarity  of  cloud  shapea  and  colours.  Cloud 
3/8  Cu  and  Ac. 

Position  of  ship:  180  28's.,  38°  28'w. 

Not*.  The  name  of  this  phenomenon  at  aunaet  or  sunrise  is  the  “  green  flash  ",  green  being 
the  colour  moat  usually  seen.  It  would  not  be  practicable  to  name  it  according  to  the  colour 
observed,  as  these  comprise  various  shades  of  green  and  blue,  also  purple  or  violet.  We  have 
had  more  observations  of  blue,  purple  or  violet  flashes  in  recent  years.  While  these  colours 
are  admittedly  much  less  frequently  seen  than  varioua  shades  of  green,  it  docs  appear  that 
they  are  not  as  rare  as  waa  formerly  supposed ;  a  probable  explanation  of  this  is  that  more 
observers  are  now  watching  for  the  phenomenon. 


Red  Sat 

M.V.  Gloucester.  Captain  D.  A.  G.  Dickens,  r.n.r.  Jeddah  to  Suez.  Observer, 
Mr.  R.  E.  Baker,  Chief  Officer. 


19th  February,  1956.  Abnormal  refraction  was  observed  as  the  sun  set,  apparently 
shaped  as  shown  in  the  sketches.  The  green  flash  was  seen  all  the  time  the  upper 
half  of  the  sun  was  disappearing,  approximately  30  sec;  not  only  the  detached 
pieces  appeared  green  but  the  edges  of  the  main  body  as  well. 

Position  of  ship:  22°  o8'n.,  38°  25'E. 

North  Pacific  Oes  n 

S.S.  Pacific  Northwest.  Captain  F.  H.  Perry.  Panama  to  Los  Angeles.  Observer, 
Mr.  W.  P.  Crone,  4th  Officer. 

29th  January,  1956.  Half  a  minute  before  setting  at  bearing  262°  Venus  appeared 
to  turn  bright  red,  becoming  orange  again  just  before  setting.  At  the  moment  of 
setting  at  0345  c.M.T.  there  was  an  emerald  green  flash  of  1  sec  duration.  This 
observation  waa  made  with  the  aid  of  binoculars.  Cloud  2  8. 

Position  of  ship:  240  55'N.,  112“  44'w. 


(Reproduced  from  The  ¥anne  Observer  ,  Vo  l . 


27,  No.  175.  p.  15,  J  an. 


W571 


1042 


GREEN  ANl  KED  FLASHES 
South  t  ariflc  Ocean 

M.V.  Cambridge.  Captain  P.  P.  O.  Harrison.  Wellington  to  Balboa.  Observers, 
the  Muter,  Mr.  P.  Power,  Cltief  Officer,  and  Mr.  L.  Money,  4th  Officer. 

2nd  May,  1957.  When  the  sun  rose  at  0700  s.m.t.  a  green  flash  was  plainly  seen. 
There  was  a  bank  of  cumulus  whose  base  was  one  sun’s  diameter  above  the 
horizon  and  as  the  sun  disappeared  behind  the  cloud  a  red  flaah  occurred  lasting 
fully  3  sec. 

Position  of  ship:  38°  si's.,  175°  10'w. 


( H«*piWu»  from  77u*  Warm*  Qbitiver,  \ol.  28,  No,  180,  p.  ??,  A^ril  1‘ifiH) 


SETTING  OF  THE  PLANET  JUPITER 
Gulf  of  Mannar 

S.  S.  Sirsa.  Captain  N.  Maguire.  Rangoon  to  Cochin.  Observer,  Mr.  J. 
Richardson. 

3rd  December,  1950,  1755  G.M.T.  Jupiter  on  setting  showed  a  red  spot 
on  the  side  nearest  to  the  horizon.  The  spot  was  visible  through  binoculars 
and  telescope  but  not  to  the  naked  eye.  The  sky  was  clear  in  the  vicinity 
and  the  phenomenon  was  visible  from  the  time  that  the  planet  was  20 
above  the  horizon. 

Position  of  ship:  7°  40'  N,  77°  47  E. 

Vote  When  abnormal  refraction  is  present  the  light  of  Mars  or  planets  near  the 
horizon  tends  to  be  elongated  into  a  short  spectrum  with  the  red  nearest  the  horizon 
and  the  green  and  blue  farthest  from  the  horizon.  Many  varieties  of  phenomena 
result,  especially  in  the  case  of  the  bright  planets  Jupiter  and  Venus;  these  are  more 
often  seen  with  binoculars  than  with  unaided  vision.  At  times  the  planet  may  appear 
double,  one  red  and  one  green,  or  the  colour  of  the  planet  may  change  from  red  to 
green.  In  cases  of  extreme  refraction  the  planet  may  be  seen  to  "swim”  about  with 
a  lateral  motion,  accompanied  by  changes  of  colour  usually  from  red  to  green,  with 
inomcntars  returns  to  the  normal  colour  of  the  planet.  The  green  flash  of  sunrise 
or  sunset  is  an  example  of  the  same  thing;  the  uppermost  green  linage  of  the  sun's 
limb  is  visible  for  a  traction  of  a  second  after  the  sun  lias  set. 


I  Hr  r  ului  c.i  flnn,  fhr  Varinr  Oi  t  f  jc3r  r  .  ful.'J],  N 
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89°  33'  30"  to  89°  33'  54",  are  illustrated  in  Fig.  15.  It  is  assumed  that 
the  white- light  source  is  far  away  so  that  the  incident  rays  are  near  para¬ 
llel.  For  $  a  89°  33'  30"  the  blue  rays  are  totally  reflected  by  the  red 

rays  penetrate  the  upper  boundary  of  the  inversion.  When  $  varies  from 

o  o  ® 

89  33'  30"  to  89  33'  54"  the  red  rays  are  alternately  transmitted  and 

totally  reflected.  Hence,  an  observer  near  A  may  see  an  elevated  image  that 
is  alternately  bluish  and  white,  while  an  observer  at  B  may  see  a  reddish 
image  that  disappears  and  reappears.  The  small  fluctuation  in  can  be 
produced  by  atmospheric  turbulence  or  short-period  changes  in  the  lower 
boundary  of  the  inversion.  Color  changes  from  red  to  green  that  frequently 
occur  when  distant  lights  are  observed  can  be  similarly  explained.  In 
general,  visible  color  separation  is  the  result  of  a  combined  action  of  ran¬ 
dom  and  systematic  atmospheric  refraction. 

Thus,  unusual  color  effects  that  can  be  observed  with  the  unaided  eye 
can  be  associated  with  mirage  phenomena.  Occurrence  of  these  effects,  how¬ 
ever,  must  be  considered  unusual  in  view  of  the  special  set  of  circumstances 
required  for  their  development. 

5.  Effects  from  Atmospheric  Scintillation 

Scintillation  defines  the  vapid  variations  in  apparent  brightness, 
position,  or  color  of  a  distant  luminous  source  when  viewed  through  the 
atmosphere.  If  the  object  lies  outside  the  earth's  atmosphere,  as  in  the 
case  of  stars  and  planets,  the  phenomenon  is  termed  astronomical  scintill¬ 
ation;  if  the  luminous  source  lies  within  the  atmosphere,  the  phenomenon 
is  termed  terrestrial  scintillation. 

Scintillation  occurs  when  small-scale  (meters  or  less)  inhomogeneitiss 
in  atmospheric  density  interference  with  a  propagating  wavefront  for  a 
short  duration  of  seconds  or  minutes.  Such  inhomogeneities  are  generally 
associated  with  turbulance  and  convection.  Turbulence  convection  are  most 
apparent  in  atmospheric  layers  close  to  the  earth's  surface  where  they 
develop  under  proper  conditions  of  solar  heating,  wind  velocity,  and  terrain. 
However,  they  can  occur  also  at  high  levels  in  the  atmosphere.  Scintill¬ 
ation  has  been  found  associated  with  atmospheric  layers  near  the  tropopause 
(30,000  to  40,000  feet). 
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Rapid  fluctuations  in  brightness (scintillation  in  its  strictest 
sense)  are  observed  most  frequently.  The  reason  for  this  may  be  that, 
on  the  average,  the  time  interval  between  moments  of  nearly  maximum 
brightness  is  around  1/10  of  a  second,  a  value  that  coincides  with  the 
frequency  to  which  the  human  eye  is  most  sensitive.  Higher  frequencies 
of  scintillation  do  occur  (30  to  50  per  second),  but  their  significance 
is  restricted  to  measurement  made  by  means  of  optical  equipment  such  as 
telescopes.  The  apparent  brightness  fluctuations  of  a  distant  source 
may  be  so  intense  that  an  observer  sees  the  light  source  as  "flashing 
on  and  off." 

Fluctuations  in  position  are  often  referred  to  as  "shimmer", 

"dancing",  or  "wandering",  and  involve  the  apparent  jerky  or  continuous 
movement  of  an  image  about  a  mean  point.  Observations  of  this  phenomenon 
are  not  as  common  as  observations  of  intensity  fluctuations.  Under 
standard  atmospheric  conditions,  position  changes  vary  from  1"  to  30" 
of  arc,  and  such  displacements  can  hardly  be  observed  with  the  naked 
eye.  Only  under  abnormal  atmospheric  conditions  are  apparent  position 
changes  manifest.  Their  occurrence  is  most  probably  in  the  case  of  point 
sources,  i.e.,  sources  having  no  apparent  diameter.  Position  changes  of 
a  planet  like  Venus  or  Jupiter  do  occur,  but  actual  observations  are 
limited  to  very  unusual  atmospheric  conditions  when  the  changes  in  direc¬ 
tion  of  the  planet's  light  rays  are  so  large  as  to  be  of  the  same  order 
of  magnitude  as  the  apparent  diameter  (0.5  to  1.0  minutes  of  arc). 

In  the  case  of  an  extended  luminous  source,  a  slow  or  rapid  "pulsa¬ 
tion"  can  be  observed.  This  contraction  and  expansion  of  the  image  usually 
results  in  apparent  changes  of  the  image  size.  Occasionally,  pulsation 
of  the  solar  or  lunar  limb  can  be  observed  during  setting  or  rising. 

In  general,  the  effects  of  scintillation  are  minimum  when  the  lumi¬ 
nous  source  is  viewed  near  the  zenith,  and  maximum  when  the  source  is 
viewed  near  the  horizon.  When  terrestrial  light  sources  are  involved, 
the  scintillation  increases  with  distance  and  is  highly  dependent  on 
the  meteorological  conditions. 

The  mai\y  detailed  discussions  of  scintillation  encountered  in  the 
literuture  are  primarily  concerned  with  the  application  of  optical  in¬ 
struments  to  astronomy,  optical  communication,  and  optical  ranging.  In 
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this  case,  all  light  sources  viewed  through  the  atmosphere  exhibit  effects 
of  scintillation  irrespective  of  their  position  with  respect  to  the  zenith. 
When  observations  are  made  with  the  unaided  eye, the  above-mentioned  effects 
of  scintillation  are  manifested  only  when  the  observation  concern  objects 
close  to  the  horizon  (at  low  elevation  or  "low  in  the  sky").  Under  these 
conditions,  the  moat  spectacular  visual  effects  can  be  expected  when  the 
effects  of  scintillation  (random  refraction)  are  superposed  on  any  visual 
image  that  arises  from  regular  atmospheric  refraction. 

The  following  section  on  aerosol  particles  has  been  contributed 
by  Mr.  Gordon  D.  Thayer  of  ESSA: 

C.  Light  scattering  by  aerosol  particles 

An  apparent  optical  image  formed  by  light  scattered  out  of  a  beam 
by  a  thin  haze  layer  may  be  mistaken  for  a  mirage.  The  theory  of  optical 
propagation  in  a  scattering,  attenuating  atmosphere  is  well  covered  by 
Middleton  (1952),  an  excellent  reference  containing  much  material  on  vision 
and  the  visibility  of  objects  seen  through  the  atmosphere. 

The  luminance  or  brightness,  B,  in  e.g.  lumens/m  ,  of  an  extended 
object  or  optical  source  is  invariant  with  distance  except  for  losses  due 
to  scattering  or  absorption  along  the  propagation  path.  Except  under  con¬ 
ditions  of  heavy  fog,  clouds,  or  smog,  absorption  is  small  compared  to 
scattering,  and  may  be  neglected.  If  the  scattering  coefficient  per  unit 
length,  0  ,  is  constant,  attenuation  of  a  light  source  of  intrinsic  bright¬ 
ness  B  is  given  by 

B  =  B0e  'o/?J 

where  R  is  the  distance  of  range  travelled  by  the  light  from  the  source 
to  the  point  of  observation.  The  portion  of  brightness  lost  by  scatter¬ 
ing  out  of  the  path  is  given  by 

es  =  B0  0  - 

this  loss  represents  light  that  is  scattered  in  all  directions  by  the 
molecules  of  air  and  aerosol  particles  present  in  the  propagation  path. 
Secondary  scattering  is  neglected. 

The  quantity  oR  is  often  called  the  optical  depth  of  an  atmospheric 
layer,  although  it  is  a  dimensionless  quantity.  Thus  for  thin  layers 
where  oR  is  small,  the  scattered  light  flux,  F,  in  e.g.  lumens,  is 


1047 


vt*&r  u  p*  * 


•**"*&.  ***►*■"»  r» 


*  e  i-  • 


where  F  is  the  light  flux  incident  on  the  layer. 

The  intensity,  Is,  or  light  flux  per  unit  solid  angle,  of  the 
light  scattered  from  a  small  volume  of  air,  v,  is  the  product  of  the 
incident  light  lfux,  FQ»  the  volume  scattering  function,  and 

the  average  thickness  of  the  volume.  The  scattering  angle,  $,  is  de¬ 
fined  in  Fig.  16.  The  intensity  of  light  scattered  at  an  angle  4)  with 

respect  to  the  incident  beam  is  usually  defined  in  terms  of  the  incident 

2 

illuminance,  E,  or  flux  per  unit  area  in  e.g.,  lumens/m  on  an  element 
of  volume  dv.  This  results  in 

dl($)  ■  E6'($)  dv,  hence,  I($)  ■  [  E6'($)dv, 

■*v 

which,  in  the  case  of  a  small  scattering  volume  where  E  and  B'(4>)  may 
be  considered  nearly  constant  over  the  entire  volume,  reduces  to 
I(*)  5  E06' 

The  units  of  B *  (♦)  are  typically  lumens  scattered  per  unit  solid 
angle  per  unit  volume  per  lumen  incident  light  per  unit  area;  I($)  then 
is  expressed  in  candles,  a  unit  of  light  intensity  equal  to  one  lumen 
per  steradian.  The  volume  scattering  function  is  normalized  by 

2ir  fn  B '  (♦)  sin  $  sin  $d$  ■  o; 

» ®  o 

hence  for  an  isotropic  scatterer,  for  which  &'(♦)  =  const.  *  6^,  B'x 

The  volume  scattering  function  relative  to  an  isotropic  scatterer  is 

conveniently  defined  as 

*(♦)  s  B'C*) 

The  relative  volume  scattering  function  for  very  clear  air  has 
maxima  at  $  ■  0°  and  180*,  F($)  ■  3.3  and  1.7  respectively,  and  a  mini¬ 
mum  of  ♦  ■  90°,  f($)  ■  0.5.  Industrial  haze,  or  smog,  has  a  strong 
maximum  at  ♦  ■  0°,  F Cd>)  a  8,  and  a  minimum  at  4>  *  120°  to  160°, 
f($)  ■  0.2  ,  with  a  weaker  secondary  maximum  at  ♦  ■  180°,  f($)  ■  1.3. 

As  an  example  of  a  scattering  situation,  consider  a  very  clear 
atmosphere  with  a  total  vertical  optical  depth  of  0.2;  this  is  about 
twice  the  optical  depth  of  a  standard  atmosphere  of  pure  air  (Middleton, 
(1952).  The  linear  scattering  coefficient,  4,  for  this  atmosphere  will 
be  about  2  x  10  ^m  *  near  the  ground.  Assume  that  a  haze  layer  one  m 
in  thickness  and  with  an  optical  depty  of  0.02  exists  at  100  m  above 
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the  ground;  the  total  optical  depth  of  the  composite  atmosphere  will 
be  0.22.  The  value  of  o  appropriate  to  the  haze  layer  is  2  x  10  m  , 
a  factor  of  103  greater  than  for  the  "clear"  atmosphere  above  and  below. 

To  an  observer  on  the  ground,  the  additional  extinction  of  light 
caused  by  the  presence  of  the  haze  layer,  amounting  to  only  1.6%  of  the 
incident  light  from  a  source  near  the  zenith,  would  not  be  perceptible 
except  possibly  very  close  to  the  horizon.  However,  light  scattered 
out  of  an  intense  beam  by  the  haze  layer  could  be  easily  visible. 

Assume  that  a  fairly  powerful  light  source  is  aimed  straight  up  from 
the  ground;  taking  as  typical  values,  e.g.,  for  an  automobile  sealed 

4 

beam  unit,  an  intensity,  IQ,  of  3  x  10  candles  (30,000  candlepower)  and 

a  beam  width  of  6°,  the  light  flux  incident  on  the  layer  at  h  *  100  m  is 

F  ■  236  lumens, 
o 

neglecting  attenuation  in  the  air  below  the  layer.  The  beam  solid  angle, 

w  ,  is  7.85  x  IQ’3  steradians.  The  incident  illuminance,  E  ,  on  the 
o  o 

Uy"  1S  F„  I  , 

E  ■  — -  ■  -2-  "3  lumens/m 

0  A  hZ 

2  2 

where  the  illuninated  area,  A  »  w  h  ,  is  78.5m  .  The  scattering  volume, 

3  ° 

v,  is  78.5m  since  the  layer  is  one  meter  thick,  and  the  intensity  of 
the  scattered  light  is 

I(*)  *  Eo  £  f(*)v 

■  3.75  x  10 ” 1 f ( ♦)  (candles). 


If  an  observer  is  located  100  m  from  the  light  source,  he  will 

observe  the  scattered  light  at  a  distance  of  -140  m  and  a  scattering 

angle,  ♦  ,  of  135*.  The  apparent  source  of  the  scattered  light  will 

appear  to  be  elliptical,  roughly  4*  wide  and  3°  high,  and  will  present 

2 

an  area  normal  to  the  observer,  A^,  of  62.6  m  .  The  value  of  f($)  for 
a  strongly  scattering  medium  at  ♦  ■  135*  is  about  0.2;  therefore  the 
light  scattered  toward  the  observer  is 
Is  ■  7.5  x  10"2  candles, 

and  the  apparent  brightness,  Bs«  of  the  scattering  volume  will  be 
B  ■  il  •  1.2  x  10"3  c/m2 
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A  fairly  dark,  moonless  night  sky  has  a  background  brightness,  B,  , 

-3  2  D 

of  about  10  c/m  ;  the  scattered  image  would  therefore  have  a  total 

-3  2 

brightness  of  -  2.2  x  10  c/m  and  a  contrast  against  the  night  sky  of  ' 
tn  Bg/B^  -  1.2.  At  this  background  brightness  data  given  by  Middleton 
(1952)  show  that  the  contrast  required  for  50%  probability  of  detection 
for  an  object  of  3°-4°  diameter  is  about  5.7  x  10"^;  thus  the  image 
hypothesized  in  this  example  would  have  a  brightness  about  20  times 
greater  than  the  minimum  detectable,  and  would  no  doubt  be  easily  visi¬ 
ble  as  a  pale,  glowing,  elliptical  object. 

In  contrast,  the  air  immediately  above  and  below  the  haze  layer 

with  o=  2  x  10~5  m-1  and  f(0)  *  1.1  at  0  «  135°  would  yield  a  scattered 

-6  2 

brightness  of  only  about  6.6  x  10  c/m  per  meter  thickness.  The  con¬ 
trast  against  the  night  sky  of  the  light  scattered  from  the  beam  above 

_3 

or  below  the  layer  would  therefore  be  on  the  order  of  7  x  10  ,  which 

-3  2 

is  not  detectable  with  a  background  brightness  of  10  c/m  according 
to  Middleton  (1952) . 

-2  2 

Increasing  the  background  brightness  to  10  c/rn  ,  corresponding 
to  a  bright,  moonlit  night,  would  decrease  the  contrast  of  the  scattered 
image  to  1.2  x  10  *,  which  is  about  six  times  the  minimum  detectable 
contrast  at  that  background  brightness  and  the  image  would  therefore 
still  constitute  a  fairly  obvious  (object).  Perception  of  light  scat¬ 
tered  from  the  rest  of  the  beam  under  this  increased  background  brightness, 
.  -4 

with  c  *  6.6  x  10  ,  would  be  out  of  the  question. 

The  level  of  background  brightness  for  which  the  contrast  of  the 

image  in  this  example  would  be  reduced  to  the  point  where  there  is  only 

a  50%  probability  of  detection  by  an  observer  looking  in  the  right  direc- 
- 1  2 

tion  is  roughly  10  c/m  ;  this  value  corresponds  to  the  brightness  of 
a  clear  sky  about  1/2  hour  after  sunset. 

Thus,  scattering  of  light  from  sources  of  small  beam  width  by 
localized  haze  layers  in  the  lower  atmosphere  may  cause  the  appearance 
of  diffuse,  glowing  patches  of  light,  moving  with  movement  of  the  light 
source,  that  could  easily  be  interpreted  as  a  UFO  by  an  observer  unfamiliar 
with  such  phenomena.  Data  given  by  Middleton  (1952)  show  that  with  common 
light  sources  and  under  average  nighttime  sky  conditions,  the  main  beam 


of  light  could  easily  be  imperceptible  by  scattered  light ,  while  at  the 
same  time  the  light  scattered  from  a  haze  patch  or  layer  would  be  easily 
visible  to  an  observer;  thus  the  source  of  the  UFO- like  image  would  not 
be  apparent. 

6.  Evaluation  of  the  State-of-the-Art  Knowledge 

During  the  last  decade,  active  interest  in  optical  mirage  appears  to 
have  waned.  The  reasons  for  the  apparent  decline  are  believed  to  be  two¬ 
fold.  Firstly,  on  the  basis  of  simple  ray-tracing  techniques,  the  mirage 
theories  satisfactorily  explain  the  various  large-scale  aspects  of  obser¬ 
vations.  Thus,  no  disturbing  contradictions  between  theory  and  observation 
have  been  found.  Secondly,  although  atmospheric  refraction  remains  of 
great  interest  to  astronomy,  optical  communication,  and  optical  ranging, 
the  phenomenon  of  the  mirage  has  so  far  failed  to  demonstrate  a  major  use. 

At  the  present  time,  there  is  no  single  theoretical  model  that  explains 
dll  the  aspects,  both  macroscopic  and  microscopic,  of  the  mirage  phenomenon. 
The  absence  of  such  a  model  must  stand  as  evidence  that  shortcomings  remain 
in  current  knowledge.  These  shortcomings  are  most  eloquently  discussed  by 
Sir.  C.  V.  Raman  (1959),  who  suggests  and  actually  demonstrates  that  any 
approach  to  explain  the  phenomenon  must  be  based  on  wave-optics  rather  than 
ray-optics.  The  theory  of  wave-optics  as  applied  by  Sir.C.  V.  Raman,  sug¬ 
gests  the  presence  of  some  intriguing  aspects  of  the  mirage  that  arise  from 
the  interference  and  focussing  of  wavefronts  in  selected  regions  of  the  re¬ 
fracting  layer.  Raman's  experimental  studies  reveal  that  when  a  collimated 
pencil  of  light  is  incident  obliquely  on  a  heated  plate  in  contact  with  air, 
the  field  of  observation  exhibits  a  dark  region  adjacent  to  the  plate  into 
which  the  incident  radiation  does  not  penetrate,  followed  by  a  layer  in 
which  there  is  an  intense  concentration  of  light  and  then  again  by  a  series 
of  dark  and  bright  bands  of  progressively  diminishing  intensity. 

Further  theoretical  and  experimental  investigations  are  warranted  in 
order  to  determine  to  what  extent  the  brightening  and  brightness  variations 
that  arise  from  interference  and  focussing  can  add  unusual  effects  to  ob¬ 
servations  of  phenomenon  associated  with  abnormal  refraction  in  the  atmos¬ 
phere. 
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7. 


Conclusions 


When  an  unusual  optical  phenomenon  is  observed  in  the  atmosphere, 
its  positive  identification  as  a  mirage  cannot  be  made  without  a  physically 
meaningful  description  of  what  is  seen  and  a  complete  set  of  meteorological 
and  astronomical  data.  The  required  "hard"  data  are  practically  never  avail¬ 
able  for  the  specific  place  and  time  of  observation,  so  that  the  descriptive 
account  remains  the  only  basis  for  identification;  in  this  case,  successful 
identification  depends  on  a  process  of  education.  Thus,  the  casual  observer 
of  an  optical  phenomenon  can  establish  the  likelihood  that  his  observation 
is  a  mirage  only  by  being  aware  of  the  basic  characteristics  of  mirage  and 
the  physical  principles  that  govern  its  appearance  and  behavior. 

The  conditions  required  for  mirage  formation  and  the  principal  char¬ 
acteristics  of  mirage  images,  as  described  in  this  report,  are  summarized 
below.  The  summary  presents  a  set  of  standards  by  which  to  interpret  the 
nature  of  an  optical  observation  in  terms  of  a  specific  natural  atmospheric 
phenomenon. 

A.  Meteorological  Conditions 

Optical  mirages  arise  from  abnormal  temperature  gradients  in  the 
atmosphere.  A  temperature  decrease  with  height  (temperature  lapse)  ex¬ 
ceeding  3.4°C  per  100  m  or  a  temperature  increase  with  height  (temperature 
inversion)  is  most  commonly  responsible  for  a  mirage  sighting. 

Large  temperature  lapses  are  found  in  the  first  10  meters  above  the 
ground  during  daytime.  They  occur  when  ground  surfaces  are  heated  by  solar 
radiation,  while  during  nighttime  they  can  occur  when  cool  air  flows  over 
a  relatively  warm  surface  such  as  a  lake.  When  the  temperature  decreases 
with  height  more  than  3.4°C  per  100  m  over  a  horizontal  distance  of  1  kilo- 

t 

meter  or  more,  an  observer  located  within  the  area  of  temperature  lapse 
can  sight  an  inferior  mirage  near  the  ground  (e.g.,  road  mirage,  "water"  on 
the  desert) . 

Layers  of  temperature  inversion  ranging  in  thickness  from  a  few  meters 
to  several  hundred  meters  may  be  located  on  the  ground  or  at  various  levels 
above  it.  In  areas  where  they  are  horizontally  extensive,  an  observer 
can  sight  a  superior  mirage  that  usually  appears  far  away  (beyond  1  kilo¬ 
meter)  and  "low  in  the  sky."  The  strength  of  the  inversion  determines  the 
degree  of  image-elevation;  the  stronger  the  inversion,  the  higher  the  image 
appears  above  the  horizon.  Layers  of  maximum  temperature  inversion  (30°C) 
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are  usually  found  adjacent  to  the  ground. 

Calm,  clear-weather  conditions  (no  precipitation  or  high  winds)  and 
good  horizontal  visibility  are  favorable  for  mirage  formation.  Warm  days 
or  warm  nights  during  the  summer  are  most  likely  to  produce  the  required 
temperature  gradients. 

B.  Geometry  of  Illumination  and  Viewing 

The  geometry  of  illumination  and  viewing  in  the  case  of  optical  mirage 
is  determined  by  the  spatial  variations  of  refraction  index  that  occur  in 
the  cloud- free  atmosphere,  and  by  Snell's  law  of  refraction,  which  relates 
these  variations  to  changes  in  the  direction  of  propagating  wavefronts. 

The  spatial  variations  in  refractive  index  are  associated  with  layers  of 
temperature  inversion  or  temperature  lapse.  Variations  of  3  x  10~5, 
corresponding  to  temperature  changes  of  30°C,  are  considered  near  maximum. 

As  a  consequence  of  Snell's  law  and  the  small  changes  in  the  atmos¬ 
pheric  refractive  index,  an  optical  mirage  develops  only  when  a  temperature- 
inversion  layer  or  a  layer  of  large  temperature  lapse  is  illuminated  at 
grazing  incidence.  The  requirement  of  grazing  incidence  implies  that  the 
source  of  illumination  must  be  either  far  away,  i.e.,  near  the  horizon,  or 
very  close  to  or  within  the  layer  of  temperature  gradient.  Therefore,  both 
terrestrial  and  extraterrestrial  sources  can  be  involved.  Because  of  the 
distance  factor,  the  actual  source  of  illumination  may  not  be  visible.  Its 
location,  however,  must  always  be  in  the  direction  in  which  the  mirage  image 
is  observed,  i.e.,  observer,  image  and  "mirrored"  source  are  located  in 
the  same  vertical  plane. 

Another  consequence  of  Snell's  law  and  the  small  spatial  changes  in 
refractive  index  is  that  noticeable  refractive  effects  are  not  likely  beyond 
an  angular  distance  of  approximately  14  degrees  above  the  horizon  and  that 
a  superior  mirage  image  is  not  likely  beyond  an  angular  distance  of  1  to  2 
degrees  above  the  horizon.  Hence,  mirages  appear  "low  in  the  sky"  and 
near  the  horizontal  plane  of  view.  An  optical  image  seen  near  the  zenith 
is  not  attributable  to  mirage. 

Because  of  the  restricted  geometry  between  observer,  mirage  image,  and 
source  of  illumination,  the  observed  image  can  often  be  made  to  disappear 
abruptly  by  moving  to  higher  or  lower  ground.  Furthermore,  when  mirage 
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observations  are  made  from  a  continuously  moving  position,  the  image  can 
move  also,  or  can  move  for  a  while  and  then  abruptly  disappear. 

C.  Shape  and  Color 

A  mirage  can  involve  more  than  one  image  of  a  single  object.  Obser¬ 
vations  of  up  to  four  separate  images,  some  inverted  and  some  upright, 
are  encountered  in  the  literature.  When  multiple  images  occur  they  all 
lie  in  a  single  vertical  plane  or  very  close  to  it. 

The  apparent  shape  of  a  mirage  can  vary  form  clearly  outlined  images 
of  an  identifiable  object  such  as  a  distant  ship,  landscape,  or  the  sun 
or  moon,  to  distorted  images  that  defy  any  description  in  terms  of  known 
objects  (e.g.,  Fata  Morgana).  Apparent  stretching  either  in  the  vertical 
or  in  the  horizontal  plane  is  common. 

During  daytime,  a  mirage  can  appear  silvery  white  ("water"  on  the 
ground),  or  dark  when  projected  against  a  bright  sky  background,  or  it 
can  reflect  the  general  color  of  the  land  or  seascape.  Distinctly  colored 
images  ranging  from  red  and  yellow  to  green  and  blue  are  observed  when 
unusual  conditions  of  mirage  occur  near  sunrise  or  sunset  (e.g..  Red  and 
Green  Flash)  or,  at  night,  during  rising  or  setting  of  the  moon  or  of  a 
planet  such  as  Venus. 

In  the  presence  of  atmospheric  turbulance  and  convection,  the  effects 
of  scintillation  become  superimposed  on  the  large-scale  mirage  image. 

When  scintillation  occurs,  extended  mirage  images  appear  in  constant  motion 
by  changing  their  shape  and  brightness.  When  the  image  is  small  and  bright, 
as  may  be  the  case  at  night,  large  fluctuations  in  brightness  and  under 
unusual  conditions  in  color  can  give  an  illusion  of  blinking,  flashing, 
side  to  side  oscillation,  or  motion  toward  and  away  from  the  observer.  The 
effects  associated  with  scintillation  can  dominate  the  visual  appearance 
of  any  bright  point-object  in  the  area  between  the  horizon  and  approximately 
14  degrees  above  the  horizon. 

D.  Present  Uncertainties 

The  theory  of  ray  optics  adequately  explains  such  observed  large- 
scale  aspects  of  the  mirage  as  the  number  of  images,  image  inversion,  and 
apparent  vertical  stretching  and  shrinking.  However,  if  the  interference 
and  focussing  of  wavefronts  within  the  refracting  layer  are  as  fundamental 
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in  mirage  formation  as  purported  by  Sir  C.V.  Raman,  the  ray-tracing  tech¬ 
nique  may  have  to  be  replaced  by  the  theory  of  wave-optics. 

Sir  C.  V.  Raman's  application  of  wave-optics  to  mirage  suggests  that 
under  special  conditions  of  illumination,  the  upper  boundary  of  an  atmos¬ 
pheric  temperature  inversion  could  exhibit  a  large  concentration  of 
radiant  energy  due  to  focussing  of  wavefronts.  Also,  interference  of 
wavefronts  could  produce  alternating  layers  of  high  and  low  brightness. 
Under  what  conditions  and  to  what  extent  these  brightness  effects  can  be 
observed  in  the  atmosphere  is  not  known.  Relevant  observations  have  not 
been  encountered  in  the  literature,  although  some  unusual  observations 
of  the  green  flash  made  under  mirage  conditions  (O'Connel,  1958)  could 
possibly  have  been  caused  by  the  enhancement  of  brightness  in  an  inver¬ 
sion.  The  visual  effects  from  focussing  and  interference  of  wavefronts 
must  be  considered  as  the  least  explored  aspect  of  mirage. 
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Chapter  5 

Radar  and  the  Observation  of  UFOs 
Roy  H.  Blackmer,  Jr. 

with  contributions  by 
R.  J.  Allen 
R,  T.  H.  Collis 
C.  Herold 
R.  I.  Presnell 


1.  Introduction 

This  chapter  covers  studies  of  radar  capabilities  and  limitations 
as  they  may  be  related  to  the  apparent  manifestation  of  unidentified 
flying  objects.  The  studies  were  carried  out  by  the  Stanford  Research 
Institute  pursuant  to  a  contract  with  University  of  Colorado  (Order 
No.  73403)  dated  23  June  1967,  under  sub-contract  to  the  U.S.  Air 
Force. 

The  preceding  chapter  of  this  report,  entitled  "Optical  Mirage-- 
A  Survey  of  the  Literature,"  by  William  Viezee,  covers  optical  phe¬ 
nomena  due  to  atmospheric  light  refraction. 

As  they  became  available  other  information  and  interim  results  of 
these  studies  were  informally  communicated  to  the  University  of  Colorado 
study  project  in  accordance  with  the  referenced  contract. 

The  purpose  of  this  chapter  is  to  provide  a  basic  understanding 
of  radar,  the  types  of  targets  it  can  detect  under  various  conditions, 
and  a  basis  upon  which  specific  radar  reports  may  be  studied.  Studies 
of  specific  UFO  incidents  were  performed  by  the  Colorado  project  (see 
Section  III,  Chapter  5). 
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At  first  consideration,  radar  might  appear  to  offer  a  positive, 
non-sub jective  method  of  observing  UFOs.  Radar  seems  to  reduce  data 
to  ranges,  altitudes,  velocities,  and  such  charact eristics  as  radar 
reflectivity.  On  closer  examination  however,  the  radar  method  of 
looking  at  an  object,  although  mechanically  and  electronically  pre¬ 
cise,  is  in  many  aspects  si£>stantl*lly  less  comprehensive  than  the 
visual  approach.  In  addition,  the  very  techniques  that  provide  the 
objective  measurements  are  themselves  susceptible  to  errors  and  anom¬ 
alies  that  can  be  very  misleading. 

In  this  chapter  we  will  consider  how  che  radar  principle  applies 
to  detection  of  targets  that  may  be  or  appear  to  be  UFOs ,  and  attempt 
to  establish  the  criteria  by  which  such  apparent  manifestations  must 
be  judged  in  order  to  identify  them.  Since  we  make  no  assumptions  re 
garding  the  nature  of  UFOs  we  limit  ourselves  to  describing  the  prin¬ 
ciples  by  which  radars  detect  targets  and  the  ways  in  which  targets 
appear  when  detected.  In  a  word,  we  can  only  specify  the  nature  of 
radar  detection  of  targets  in  terms  of  physical  principles,  both  in 
regard  to  real  and  actual  targets  and  in  regard  to  mechanisms  which 
give  rise  to  the  apparent  manifestation  of  targets.  It  is  hoped  that 
these  specj.fi cations  will  assist  in  the  review  of  specific  instances 
as  they  arise.  Even  in  cases  where  radar  may  identify  target  prop¬ 
erties  that  cannot  be  explained  within  the  accepted  frame  of  under¬ 
standing  of  our  physical  world,  the  authentic  observation  of  a  tar¬ 
get  having  such  properties  will  shed  little  or  no  light  on  its  nature 
beyond  the  characteristics  observed,  and  it  will  therefore  remain  un¬ 
identified. 

2.  Radar  Systems 

RADAR  is  an  acronym  for  RAdio  Detection  And  Ranging.  It  is 
a  device  for  detecting  certain  types  of  targets  and  determining  the 
range  to  the  target.  The  majority  of  radars  are  also  capable  of 
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measuring  the  azimuth  and  elevation  angles  of  targets. 

Radars  operate  on  three  fundamental  principles : 

1)  that  radio  energy  is  propagated  at  uniform  and  known  velocity; 

2)  that  radio  energy  is  normally  propagated  in  nearly  straight 
lines,  the  direction  of  which  can  be  controlled  or  recog¬ 
nized;  and 

3)  that  radio  energy  may  be  reradiated  or  "reflected"  by  matter 
intercepting  the  transmitted  energy. 

Basically  radar  consists  of  a  transmitter  that  radiates  pulses 
of  electromagnetic  energy  through  a  steerable  antenna,  a  receiver  that 
detects  and  amplifies  returned  signals,  and  some  type  of  display  that 
presents  information  on  received  signals. 

Radar  systems  can  be  separated  into  three  general  categories : 

1)  operational  systems, 

2)  special  usage  systems  and 

3)  experimental  and  research  systems.  These  include  fixed  and 
portable  ground-mounted  systems,  airborne,  and  shipbome 
systems . 

Many  types  of  radars  are  specifically  designed  to  perform  special¬ 
ized  functions.  In  general,  radars  provide  either  a  tracking  or  a 
surveillance  function.  The  surveillance  radar  may  scan  a  limited 
sector  or  360°  and  display  the  range  and  azimuth  of  all  targets  on  a 
PPI  (plan  position  indicator).  Tracking  radar  locks  onto  the  target 
of  interest  and  continually  tracks  it,  providing  target  coordinates 
including  range,  velocity,  altitude,  and  other  data.  The  data  are 
usually  in  the  form  of  punched  or  magnetic  tape  with  digital  display 
readout.  Air  traffic  control,  ship  navigation,  and  weather  radars 
fall  into  the  surveillance  category;  whereas  instrumentation,  air¬ 
craft  automatic  landing,  missile  guidance,  and  fire  control  radars 
are  usually  tracking  radars.  Some  of  the  newer  generation  of  radar 
systems  can  provide  both  functions,  but  at  this  time  these  are  very 
specialized  systems  of  limited  number  and  will  not  be  discussed  further. 
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In  addition  to  the  above  general  applications,  each  of  the  radar 
systems  have  special  selective  functions  for  various  purposes.  For 
example,  some  radar  systems  are  designed  so  that  they  can  track  mov¬ 
ing  targets.  Signals  from  stationary  targets  such  as  the  ground, 
buildings,  or  even  slow-moving  objects  are  excluded  from  the  display. 
This  simplifies  the  display  and  makes  it  possible  to  track  aircraft 
even  though  they  are  moving  through  an  area  from  which  strong  ground 
clutter  signals  would  otherwise  mask  the  echo  from  the  aircraft. 

In  addition  to  the  many  radar  types,  the  radar  operator  has  at 
his  disposal  many  control  functions  enabling  system  parameters  to  be 
changed  in  order  to  improve  the  radar  performance  for  increasing  the 
detectability  of  particular  types  of  targets,  thereby  minimizing  inter¬ 
ference,  weather,  and/or  clutter  effects.  These  radar  system  controls 
can  modify  any  one  or  any  combination  of  the  following  characteristics: 
Transmitter  output  power 
Pulse  repetition  rate 
Sensitivity  time  control 
Transmitted  pulse  width 
AGC  response  time 
IF  receiver  bandwidth 
Transmitter  operating  frequency 
Antenna  scan  rate 

Polarization  control  of  radiated  and  received  energy 
Skin  or  transponder  beacon  tracking 
Receiver  RF  and  IF  gain 
Display  control  functions 

Numerous  signal  processing  techniques  for  clutter  suppression 
weather  effects,  moving  target  indication,  false  alarm  rate 
and  threshold  controls. 

The  radar  operator  himself  is  an  important  part  of  radar 
systems.  He  must  be  well  trained  and  familiar  with  all  of  the  inter¬ 
acting  factors  affecting  the  operation  and  performance  of  his  equip¬ 
ment.  When  an  experienced  operator  is  moved  to  anew  location,  an 
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important  part  of  his  retraining  is  learning  pertinent  factors  related 
to  expected  anomalies  due  to  local  geographical  and  meteorological 
factors . 

Two  other  groups  of  persons  also  affect  the  performance  of  the 
radar  system.  They  are  the  radar  design  engineer  and  the  radar  mainten¬ 
ance  personnel.  The  designer  seeks  to  engineer  a  radar  which  achieves 
the  performance  desired,  in  addition  to  being  a  system  which  is  both 
reliable  and  maintainable.  Highly  trained  maintenance  technicians 
routinely  monitor  the  system  insuring  that  it  is  functioning  prop¬ 
erly  and  is  not  being  degraded  by  component  system  failures  or  being 
affected  by  other  electronic  systems  that  could  cause  electrical 
interference  or  system  failure. 

During  the  past  30  years,  radar  systems  design  has  considerably 
improved.  Radars  manufactured  today  are  more  complex,  versatile, 
sensitive,  accurate,  more  powerful,  and  provide  more  data-processing 
aids  to  the  operator  at  the  display  console.  They  are  also  more  re¬ 
liable  and  easier  to  maintain.  In  the  process,  they  have  become  more 
sensitive  to  clutter,  interference,  propagation  anomalies,  and  require 
better  trained  operating  and  maintenance  personnel.  Furthermore,  with 
the  increased  data-processing  aids  to  the  operator,  the  more  difficult 
becomes  his  target  interpretation  problem  when  the  radar  systems 
components  begin  gradually  to  degrade  or  when  the  propagation  environ¬ 
ment  varies  far  from  average  conditions.  The  more  sophisticated  radar 
systems  become,  the  more  sensitive  the  system  is  to  human,  component, 
and  environmental  degradations . 

3.  Radar  Fundamentals 

Radar  detection  of  targets  is  based  on  the  fact  that  radio  energy 
is  reflected  or  reradiated  back  to  the  radar  by  various  mechanisms.  By 
transmitting  pulses  of  energy  and  then  'listening'  for  a  reflected 
return  signal,  the  target  is  located.  The  period  of  time  the  radar 
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is  transmitting  one  pulse  is  called  the  pulse  length  and  is  generally 
Measured  in  microseconds  (millionths  of  a  second]  or  expressed  in 
terms  of  the  length  from  the  front  to  the  back  edge  of  the  pulse,  (A 
one  microsecond  pulse  is  984  ft.  long,  since  radio  waves,  like  light 
travel  186,000  statute  mps.)  The  rate  at  which  pulses  are  trans¬ 
mitted  is  called  the  pulse  repetition  rate.  When  pulses  are  trans¬ 
mitted  at  a  high  rate,  the  receiver  listening  time  between  pulses 
for  return  echoes  is  reduced  as  well  as  the  corresponding  distance 
to  which  the  energy  can  travel  and  return.  This  means  that  the  maximum 
unambiguous  range  is  decreased  with  increasing  pulse  repetition  rate. 
More  distant  targets  may  still  return  an  echo  to  the  radar  after  the 
next  pulse  has  been  transmitted  but  they  are  displayed  by  the  radar 
as  being  from  the  most  recent  pulse.  These  so-called  multiple  trip 
echoes  may  be  misleading,  since  they  are  displayed  at  much  shorter 
ranges  than  their  actual  position. 

Other  important  operating  characteristics  of  a  radar  are  its 
transmitted  power  and  wavelength  (or  frequency).  The  strength  of  an 
echo  from  a  target  varies  directly  with  the  transmitted  power.  The 
wavelength  is  important  in  the  detection  of  certain  types  of  targets 
such  as  those  composed  of  many  small  particles.  When  the  particles 
are  small  relative  to  the  wavelength,  their  detectability  is  greatly 
reduced.  Thus  drizzle  is  detectable  by  short  wavelength  (0.86  cm.) 
radars  but  is  not  generally  detectable  by  longer  (23  cm.)  wavelength 
radars . 

The  outgoing  radar  energy  is  concentrated  into  a  beam  by  the 
antenna.  This  radiation  of  the  signal  in  a  specific  direction  makes 
it  possible  to  determine  the  coordinates  of  the  target  from  know¬ 
ledge  of  the  azimuth  and  elevation  angle  of  the  antenna.  The  desired 
antenna  pattern  varies  with  the  specific  purpose  for  which  the  radar 
was  designed.  Search  radars  may  have  broad  vertical  beams  and  narrow 
horizontal  beams  so  that  the  azimuth  of  targets  can  be  accurately  de¬ 
termined.  Height  finders  on  the  other  hand  have  broad  horizontal 
beams  so  that  the  height  of  targets  on  be  accurately  determined.  In 
either  case  the  radiating  and  receiving  surface  of  the  antenna  is 
usually  a  section  of  a  paraboloid. 
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A  circular  beam  may  be  described  as  a  cone  with  maximum  radiation 
along  its  axis  and  tapering  off  with  angular  distance  from  the  center. 
The  beam  is  described  by  the  angle  between  the  half  power  points  (the 
angular  distance  at  which  the  radiated  power  is  half  that  along  the 
axis  of  the  beam).  In  the  case  of  non-circular  beams  two  angles 
are  used,  one  to  describe  the  horizontal  beamwidth,  a  second  to 
describe  the  vertical  beamwidth.  Later  in  this  report  the  detection 
of  targets  by  stray  energy  outside  the  mailt  beam  will  be  discussed. 

The  size  of  the  beam  for  a  given  wavelength  depends  on  the  size 
of  the  parabola.  For  a  given  size  parabola  the  longer  the  wavelength, 
the  broader  the  beam. 

When  the  radiated  energy  illuminates  an  object,  the  energy  (ex¬ 
cept  for  a  small  amount  that  is  absorbed  as  heat)  is  reradiated 
in  all  directions.  The  amount  that  is  radiated  directly  back  to  the 
radar  depends  on  the  radar  cross-section  of  the  target.  Differences 
between  geometrical  cross-section  and  radar  cross-section  are  related 
to  the  material  of  which  the  object  is  composed,  its  shape,  and  also 
to  the  wavelength  of  the  incident  radiation.  The  radar  cross-section 
of  a  target  is  customarily  defined  as  the  cross-sectional  area  of 
a  perfectly  conducting  sphere  that  would  return  the  same  amount  of 
energy  to  the  radar  as  that  returned  by  the  actual  target.  The  radar 
cross-section  of  complicated  targets  such  as  aircraft  depends  on  the 
object's  orientation  with  respect  to  the  radar.  A  jet  aircraft  has 
a  much  smaller  radar  (and  geometric)  cross-section  when  viewed  from 
the  nose  or  the  tail  than  when  viewed  broadside. 

Equations  relating  the  various  parameters  are  given,  in  varying 
degrees  of  complexity,  in  textbooks  on  radar.  In  their  simplest 
form  the  equations  for  average  received  power  are: 

For  point  targets  (birds,  insects,  aircraft,  balloons,  etc.) 


P 

r 


PtG2X2a 


(4tt)  3R'4 
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For  plane  targets  (earths  surface  at  small  depression  angles) 


_  PtG2X20  cTo 
r  “(4*^  2 


(2) 


For  volume  targets  (precipitation) 


p.PtG2X2  0*cTn 
(4ir)  3  R2  2 


(3) 


Where: 

Pr  ■  average  received  power 
P  =  transmitted  power 
G  =  Antenna  ga‘ n 
X  =  wavelength 
a  =  radar  cross-section 
R  =  range  of  target 
6  =  horizontal  beamwidth  of  antenna 

c  =  velocity  of  radio  waves 
t  *  length  of  transmitted  pulse 
i p  =  vertical  beamwidth  of  antenna 
n  =  reflectivity  per  unit  volume 
These  equations  show  that  the  intensity  of  echo  signal  varies 
according  to  whether  the  target  is  a  point,  a  relatively  small  area, 
or  a  very  large  volume  such  as  an  extensive  region  of  precipitatior.1 . 
The  echo  signal  intensity  of  point  targets  varies  inversely  with  the 
fourth  power  of  the  distance  from  the  radar  to  the  targets.  The 
intensity  of  area  targets  varies  with  the  cube  of  the  distance,  and 
that  of  large  volume  targets,  with  the  square  of  the  distance. 

Figure  1  illustrates  how  the  radar  beamwidth  and  the  cross- 
section  area  or  volume  of  the  target  interact  to  give  these  different 
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variations  with  run#**  of  the  returned  signul.  In  I  ig.  Aii  ,  thr  pnint 
target  has  a  rudur  cross  -  seel  i  on  u  .  In  I  i  g  .  Ah  there  may  br  a  number 
of  turgets  with  rudur  cross-section  o  over  an  ureu  with  dimensions  of 
half  the  pulse  length  and  the  heum  width  ut  range  R.  Replacing  >  in 
equation  (1)  with  this  new  expression  for  radar  cross  -  sec t l on  cancels 
one  R  in  the  denominator  giving  the  R*  relationship.  When  the  target 
is  many  c's  spread  over  a  volume  with  dimensions  determined  by  range, 
horizontal  and  verticul  beumwidth,  and  half  the  pulse  length  (lig.  Ac) 

R  appears  in  the  numerator  twice,  thus  cancelling  an  R*  in  the  denom 
inator  of  equation  (1). 

Because  of  differences  in  variation  with  distance  of  the  return 
signal  from  various  types  of  targets  it  is  apparent  that  with  combin¬ 
ations  of  targets  the  point  targets  might  not  be  detectable.  For 
example,  an  aircraft  cannot  be  detected  when  it  is  flying  through  pre¬ 
cipitation  or  in  an  area  of  ground  targets  unless  special  techniques 
are  used  to  reduce  the  echo  from  precipitation  or  ground  clutter. 

Information  on  signals  returned  to  the  radar  by  a  target  may 
be  presented  to  an  operator  in  a  number  of  ways;  by  lights  or  sounds 
that  indicate  there  is  a  target  at  a  selected  location;  by  numbers  that 
give  the  azimuth,  elevation  angle,  and  range  of  a  selected  target;  or 
in  'picture'  form  showing  all  targets  within  range  that  r-c  ? etected 
as  the  antenna  rotates.  The  latter  form  of  presentation  is  called 
a  Plan  Position  Indicator  ( PP I ) .  Plate  6S  shows  a  photograph  of  a  PPI  . 
TIi i s  photograph  is  a  time  exposure  equal  to  the  time  fur  one  antenna 
revolution.  The  center  of  the  photograph  is  the  location  of  the 
radar  station.  Concentric  circles  around  the  center  indicate  dis¬ 
tance  from  the  stat;on.  In  this  case  the  range  circles  are  at  10 
mi.  intervals,  so  the  total  displayed  range  is  150  mi.  North  is 
at  the  top  of  the  photograph  and  lines  radiating  from  the  center  are  at 
10*  intervals.  A  PPI  display  such  as  this  corresponds  very  closely 
to  a  map.  Often  overlays  with  locations  of  cities,  state  boundaries, 
or  other  pertinent  coordinates  are  superimposed  over  the  PPI  to  aid 
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In  Imuting  riluin  Hio  plair  shows  a  immlicr  of  wti  k  f  r  dot*  or  arras 
at  various  lo'  allots  lliesc  may  hr  rdioci  frun  a  variety  of  dlffcr- 
rnt  targets,  or  they  may  hr  the  result  of  interference  or  ^yntrm  mal 
fun  c 1 1 on  . 

The  radar  operator  n.us  t  keep  watch  of  this  entire  area  (7U,n!>0  sep 
ml.  in  tnls  cxampilc)  and  try  to  determine  the  naturr  of  the  target  v 
I f  he  is  a  meteorologist  he  watches  for  and  tracks  weather  phenomena 
and  Ignores  echoes  which  are  obviously  not  weather  related.  if 
he  is  un  air  traffic  controller  he  concentrates  on  those  eel  oes 
that  are  from  airc’aft  for  which  he  Is  responsible.  Many  unexplained 
radar  echoes  are  not  studied  or  reported  for  several  reasons.  one 
of  the  reasons  night  be  that  the  operators  in  general  only  track  tar 
gets  that  they  can  positively  identify  and  control.  Since  a  radar 
operator  can  Only  handle  a  limited  number  (o  to  Hi  of  targets  smultan 
•  ously,  he  right  not  take  serious  note  of  any  strange  targets  unless 
they  appear  to  interfere  with  the  normal  traffic  he  is  vectoring 
i.ven  when  the  unexplained  ext  raorJirary  targets  art  displayed  he 
has  little  time  available  to  track  and  analyte  these  targets  Ills 
tine  is  fully  occupied  observing  the  known  targets  for  which  he  is 
responsible.  In  addition,  the  operator  is  familiar  with  ideally  re 
curring  strange  phenomena  due  to  propagation  conditions  and  susjx-c: s 
the  meleorolog 1 < al  environment  as  being  the  cause  In  general,  the  up 
crator  seldom  has  a  way  in  which  to  record  the  displayed  data  for 
later  study  arid  analysis  by  specialists. 

In  addition  to  the  tracking  of  various  targets  he  mu*  t  alsu  be 
aware  of  the  possibility  of  malfunction  of  the  radar. 

4 ,  System  Reliability 

Two  types  of  failures  occur  in  a  radar  system  those  that  .,re 
catastrophic  and  those  that  cause  a  gradual  degradation  In  spite 
of  good  maintenance  procedures,  the’-e  will  be  system  component  failures 
that  occur  due  to  external  events  such  as  ice  or  wind  loading,  rain 
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on  the  c»t>  ling  and  connector*,  bugs  and  turd*  in  thr  Irrd  st  nature 
The  operator  in  not  always  Immediately  aware  of  such  failures  lie 
in  usually  located  In  a  noundproofed  and  wlndowlens  room  remote  from 
the  transmitter,  antenna,  and  receiving  hardware.  Ihr  operator  has 
available  to  him  only  the  console  dlsplu)  and  readout  equipment  . 
Catastrophic  systems  fal  lu-e  In  usually  self-evident  to  t  fie  operator 
When  the  transmitter  power  tube  falls,  or  the  antenna  drive  unit  fails, 
the  operator  Is  aware  of  this  immediately  on  his  PPI  display.  Hut 
when  the  gain  In  a  receiving  tube  decreases,  or  the  system  noise 
slowly  increases  due  to  a  component  degradation,  or  the  Ail.  in  thr 
transmitter  section  begins  to  go  out  of  tolerance  over  a  period  of 
davs  causing  Increased  frequency  modulation  or  "pulse  Jitter"  in  the 
transmitted  pulse,  time  may  elapse  before  the  operator  becomes  aware 
of  the  slowly  deteriorating  performance.  Reduced  sensitivity  or  the 
increased  reception  of  extraneous  targets  frt®  ground  clutter  or 
nearby  reflecting  structure  is  often  evidence  that  the  radar  system 
Is  detcriorat ing  . 

It  can  be  considered  that  a  major  system  component  of  a  typical 
radar  might  he  subiect  to  cat  as  tropic  failure  every  J  !>0  to  ’,000  hours 
of  operation  (5  to  Jfc  average  failure  free  days)  and  that  graceful 
degradations  of  components  occur  continually.  Possible  failure  thus 
becomes  one  of  the  first  causes  to  be  considered  in  analynng  un¬ 
usual  radar  sightings.  The  next  factor  will  be  possible  unusual 
propagation  effects  to  which  the  radar  is  subiect.  Analysis  of  ex¬ 
traordinary  sightings  is  further  handicapped  by  the  fact  that  the 
displayed  data  of  the  sighting  usually  are  not  recorded  and  tha*  any 
explanations  must  frequently  be  based  upon  interpretations  by  th * 
operators  present  at  the  time  of  the  sighting.  The  point  is  that  the 
operator,  the  radar,  and  the  propagation  medium  arc  all  falli!>l<  parts 
of  the  system. 
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5.  Relationships  between  Echoes  and  Targets 

There  are  five  possible  relationships  between  radar  echoes 
and  targets . 

These  are: 

a)  no  echo  -  no  target; 

b)  no  echo  -  when  a  visual  object  appears  to  be  in  a  position 
to  be  detected; 

c)  echo  -  unrelated  to  a  target; 

d)  echo  -  from  a  target  in  a  position  other  than  that  indicated; 

e)  echo  -  from  a  target  at  the  indicated  location. 

The  first  and  last  possibilities  are  indicative  of  normal  function. 
Possibility  b)  becomes  of  importance  where  there  is  an  object  that 
is  seen  visually.  Then,  from  knowledge  of  the  types  of  targets  that 
are  detectable  by  the  radar,  some  knowledge  of  the  characteristics  of 
the  visual  object  could  be  obtained. 

The  situations  c)  where  there  is  an  apparent  echo  but  no  target 
are  those  when  the  manifestation  on  the  PPI  is  due  to  a  signal  that 
is  not  a  reradiated  portion  of  the  transmitted  pulse  but  is  due  to 
another  source.  These  are  discussed  in  a  subsequent  section  of  this 
chapter. 

Situations  where  the  echo  is  from  a  target  not  at  the  indicated 
location  d)  may  arise  due  to  one  or  a  combination  of  the  following 
reasons.  First,  abnormal  bending  of  the  radar  beam  may  take  place 
due  to  atmospheric  conditions.  Second,  a  detectable  target  may  be 
present  beyond  the  designed  range  of  the  radar  and  be  presented  on 
the  display  as  if  it  were  within  the  designed  range,  for  example, 
multiple-trip  echos  from  artificial  satellites  with  large  radar  cross- 
sections.  Third,  stray  energy  from  the  antenna  may  be  reflected  from 
an  obstacle  to  a  target  in  a  direction  quite  different  from  that  in 
which  the  antenna  is  pointed.  Since  the  echo  is  presented  on  the 
display  along  the  azimuth  toward  which  the  antenna  is  pointed  the  dis¬ 
played  position  will  be  incorrect.  Finally,  targets  could  be  detected 
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by  radiation  in  s  i  do  lobes  and  would  be  presented  on  the  display 
as  if  they  were  detected  by  the  main  beam. 

Possibility  e)  listed  above  encompasses  the  broad  range  of 
situations  where  there  is  a  target  at  the  location  indicated  on  the 
display  system.  Of  primary  concern  in  thi*-  case  is  the  identification 
of  the  target . 

The  possible  relationships  listed  above  show  that  rudarscope 
interpretation  is  not  simple.  To  uttempt  tc  :nufy  targets, 
the  operator  must  know  the  characteristics  of  lus  radar;  whether  It 
is  operating  properly;  and  the  type  of  targets  it  is  capable  of  dr 
tecting.  He  must  be  very  aware  of  the  conditions  or  events  by  which 
echoes  will  be  presented  on  the  radar  in  a  position  that  is  differ¬ 
ent  fro*  the  true  target  location  (or  in  the  case  of  interference  by 
no  target).  Finally,  the  operator  must  acquire  collateral  infor¬ 
mation  (weather  data,  transponder ,  voice  coorunic at  ion ,  visual  obser¬ 
vations  or  handover  information  from  another  radar  before  he  can 
be  absolutely  sure  he  has  identified  an  unusual  echo. 

b.  Signal  Sources 

Sources  of  electromagnetic  radiation  that  may  cause  real  or 
apparent  echoes  on  the  radar  display  include  loth  radiators  and  re- 
radiators  Some  sources,  such  as  ionospheric  electron  backscatt er, 
the  sun,  and  the  planets,  are  not  considered,  since  they  can  be 
detected  only  by  the  most  sensitive  of  research  radars.  As  a  rad¬ 
iator  the  sun  does  emit  enough  energy  at  microwave  wavelengths  to 
produce  a  noise  signal.  This  signal  has  been  used  for  research 
purposes  (Walker  19b2)  to  check  the  alignment  of  the  radar  antenna. 
Radio  sextants  have  been  built  which  track  the  sun  at  cm.  wavelengths 
bv  Collins  Radio  Co.  Since  this  signal  is  quite  weak  it  is  unlike¬ 
ly  it  would  be  noticed  during  routine  operation  of  a  search  radar. 

Reradiators  include  objects  or  atmosphcri :  conditions  that  in¬ 
tercept  and  reradiate  energy  transmitted  by  the  radar.  Objects  range 
in  size  from  the  side  of  a  mountain  to  insects.  Atmospheric  conditions 
include  ionized  regions  such  as  those  caused  by  lightning  discharges 
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and  inhomogeneiti.es  in  refractive  index  caused  by  sharp  discontin¬ 
uities  in  temperature  and  moisture. 

Table  1  lists  some  radiators  and  reradiators.  This  list  is 
incomplete  since  continuing  development  of  new  types  of  radars  or 
improvements  due  to  evolutionary  growth  of  existing  radars  results 
in  new  types  of  targets  becoming  detectable. 

Table  1 

Radiators  and  Reradiators 

1.  Precipitation 

2 .  Aircraft 

3.  Birds  and  Insects 

4.  Satellites,  Space  Debris,  and  Missiles 

5.  Ionization  Phenomena  or  Plasmas 

6.  Balloons 

7.  Chaff,  "Window,"  and  "Rope" 

8.  Smoke 

9.  Distant  Ground  Return  and  "Angels" 

10.  Radio  Frequency  Interference 

The  signal  sources  listed  have  relatively  unique  sets  of 
characteristics  although  in  mcny  cases  there  is  some  overlap.  For 
example,  a  fast  flying  bird  with  a  tailwind  could  have  ground  speeds 
comparable  to  a  light  aircraft  with  a  headwind.  At  comparable  range, 
however,  the  signal  intensity  would  be  quite  different  unless  the  bird 
were  in  the  main  beam  and  the  aircraft  in  a  side  lobe.  This  section 
will  discuss  the  typical  characteristics  and  behavior  of  the  return 
signals  and  the  auxiliary  infonnation  needed  to  confirm  or  reject 
them  as  the  sources  of  a  given  echo  will  be  mentioned.  For  example, 
as  mentioned  above,  knowledge  of  wind  speed  is  necessary  to  determine 
the  air  speed  of  a  target. 
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In  the  Jiscus  *  t  on  of  dv'tect  uhi  I  i  t  y  of  the  various  signal  sources 
some  specific  frequency  hands  may  he  mentioned  I- inure  2  illustrates 
the  relationships  between  wavelengths  and  frequency  in  the  various 
bands  and  shows  specific  rudur  hands  within  the  frequency  and  wave¬ 
length  spectrum. 

Precipitation 

In  the  194U's  when  radar  technology  advanced  to  the  point  where 
wavelengths  less  than  half  a  meter  began  to  be  feasible,  precipitation  became  a 
radar»det  set  ab  le  target.  l.igda  (1961)  states  that  the  first  radar 
storm  observation  was  made  on  20  February  1941  in  ling  land  with  a  10 
cm.  (S  band)  wavelength  radar.  Since  that  time,  radar  has  been  widely 
used  for  meteorological  purposes  and  special  meteorological  radars 
have  been  designed  and  constructed  specifically  for  precipitation  studies 
(Williams,  1952;  Rockney,  1958).  Many  radars  designed  for  purposes  other 
than  weather  detection  were  found  to  he  verj  adequate  a.  precipitation 
detectors.  Ligda  (195?)  studied  the  distribution  of  precipitation 
over  large  areas  of  the  United  States  using  IT  I  photograph*  from  Air 
Defense  tosnand  (ADC)  Radars  during  the  period  1954  to  1958  and 
during  1959  studied  the  distribution  of  maritime  precipitation  shown 
by  I  PI  photographs  from  radars  aboard  ships  of  Radar  Picket  Squadron 
I  stationed  off  the  west  coast  of  the  United  States.  Later  programs 
concurrent  witn  several  of  the  meteorological  satellites  (Nagle,  1963;  Blackmer, 
1968)  have  also  utilized  data  from  ADC  and  Navy  radars.  Thus  radars 
designed  for  other  specific  missions  are  often  capable  of  detecting 
precipitation  and  an  understanding  of  the  characteristic  behavior 
and  appearance  of  precipitation  is  essential  if  the  radar  operator 
is  to  interpret  properly  the  targets  his  radar  detects. 

Detailed  studies  have  been  made  of  characteristics  of  radar  returns 
frora  precipitation.  In  a  review  of  the  microwave  properties  of  precip¬ 
itation  particles  Gunn  and  Last  (1954)  discuss  variations  in  return  signal 
with  wavelength  and  differences  between  the  return  signal  from  liquid 
and  frozen  water  particles.  Frecipi tat  ion  consists  of  a  large  volume 
of  particles  that  generally  fill  the  beam  at  moderate  ranges.  The 


1074 


in 

o 

z 

< 

m 

>- 

u 

z 

Lu 

D 

O 

UJ 

q; 

U. 

U. 

o 

z 

o 

►— 

< 

z 

o 

in 

UJ 

o 

z 

o 

2 

2 

o 

o 


o 

u 


1075 


received  power  at  any  instant  is  the  resultant  of  the  signals  from 
the  large  number  of  individual  particles.  The  particles  are  con¬ 
stantly  changing  position  relative  to  each  other  (and  to  the 
radar  site).  As  a  result  the  signals  from  the  individual  particles 
sometimes  add  to  give  a  strong  return,  sometimes  subtract  to  give 
a  weaker  signal.  This  fluctuation  in  echo  from  precipitation  is 
readily  apparent  on  scopes  that  permit  examination  of  the  return 
from  individual  transmitted  pulses.  The  fluctuation  of  the  return 
signal  is  not,  however,  apparent  to  a  radar  operator  monitoring 
the  PPI  of  a  search  radar.  TTiis  is  because  the  persistence  of  the 
cathode  ray  tube  used  for  PPI  displays  averages  or  integrates  a 
number  of  pulses.  Of  importance  to  a  radar  operator  concerned  with 
interpreting  the  PPI  is  the  variation  of  signal  intensity  with  wave¬ 
length,  with  pulse  length  and  with  precipitation  type.  Particles 
that  are  large  compared  to  the  wavelength  are  more  readily  detectable 
than  those  that  are  small  compared  to  the  wavelength.  Light  drizzle 
may  be  barely  detectable  at  short  ranges  while  severe  thunderstorms 
with  large  raindrops  are  detectable  at  ranges  of  300  -  400  mi. 

When  there  is  large  hail  falling  from  a  severe  thunderstorm  the  re¬ 
turn  signal  may  be  quite  strong. 

Radar-detected  precipitation  may  be  in  a  variety  of  forms  from 
very  widespread  continuous  areas  of  stratiform  precipitation  of 
sufficient  vertical  extent  to  nearly  cover  the  PPI  of  a  long-range  (150 
n.mi.)  search  radar  to  only  one  or  two  isolated  small  sharp  edged  con¬ 
vective  showers.  The  former  is  likely  to  persist  for  many  hours,  the 
latter  for  only  a  fraction  of  an  hour.  Between  these  two  extremes 
there  are  many  complex  mixtures  of  convective  and  stratiform  precip¬ 
itation  areas  of  various  sizes.  One  of  the  distinguishing  features 
of  precipitation  echoes  is  their  vertical  extent  and  maximun  altitude. 
Usually  precipitation  echoes  extend  from  the  surface  to  altitudes  up  to 
60,000  ft.,  although  a  more  common  altitude  of  tops  is  20,000  -  40,000  ft. 
Further,  isolated  small  volumes  of  precipitation  seldom  remain  suspended 
in  the  atmosphere.  The  initial  echoes  from  showers  and  thunders toims  may 
appear  as  small  targets  at  moderate  altitudes  but  subsequently  grow 
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rapidly.  For  example.  Hi 1st  and  MacDowell  (1950)  examined  the 
initial  echoes  from  a  thunderstorm.  Horizontal  measurements  were  made 
with  a  10  cm.  radar  and  the  vertical  measurements  were  made  with  a 
3  cm.  radar.  Their  first  measurement  showed  a  small  horizontal  area 
and  a  vertical  extent  from  11,000  -  18,000  ft.  Presumably  measure¬ 
ments  a  short  time  earlier  would  have  shown  smaller  dimensions.  Sub¬ 
sequently  there  was  rapid  growth  to  an  area  of  200  sq.  mi.  and  a 
vertical  extent  from  the  surface  to  about  30,000  ft.  The  importance 
of  this  large  vertical  extent  is  that  such  an  echo  on  the  PPI  of 
a  search  radar  with  a  narrow  beam  can  be  present  at  a  variety  of 
ranges;  that  is,  the  beam  will  not  be  below  the  target  at  short 
ranges  or  above  it  at  long  ranges  as  would  be  the  case  with  targets 
of  limited  vertical  extent. 

Since  precipitation  is  less  detectable  at  longer  wavelengths 
and  showers  may  have  a  quite  short  lifetime,  it  is  possible  that  on 
rare  occasions  precipitation  targets  could  confuse  the  radar  operator. 

Consider  for  example  a  search  radar  operating  at  wavelengths  of  greater 
than  20  cm.  in  an  environment  where  short-lived  showers  were  occurring. 

A  study  by  Blackmer  (1955)  using  photographs  from  a  10  cm.  radar  showed 
a  peak  in  echo  lifetimes  of  25  -  30  min.  while  the  mean  lifetime  was 
42  min.  Also  using  data  from  an  S  band  radar,  Battan  (1953)  found 
a  mean  echo  duration  of  23  min.  with  the  greatest  number  having  life¬ 
times  of  20.0  -  24.9  min.  At  longer  wavelengths  with  short  lifetimes, 
it  is  not  impossible  that  an  intense  shower  would  be  detectable  only 
in  the  brief  period  during  which  it  was  producing  hail,  because  a  long- 
wavelength  radar  might  not  detect  small  precipitation  particles  but 
could  detect  hail.  Water- coated  hail  acts  as  a  large  water  sphere  and 
thus  gives  very  strong  return  signals  even  at  long  wavelengths.  Geotis 
(1963)  found  that  hail  echoes  are  very  intense  subcells  on  the  order 
of  100  M.  in  size.  When  a  number  of  short-lived  showers  or  long-lived  showers 
that  were  detectable  only  when  hail  is  falling,  are  within  range  of  a  long- 
wavelength  radar,  the  PPI  display  could  show  over  a  period  of  time, 
a  brief  echo  at  one  location,  then  an  echo  at  a  new  location  for  a 
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short  period,  etc.  This  might  be  interpreted  as  a  single  echo  that 
was  nearly  stationary  for  a  short  period  then  moving  abruptly  to  a 
new  position. 

One  of  the  characteristics  of  precipitation  echoes  is  that  their 
motion  is  very  close  to  that  of  the  wind  direction  and  speed.  This 
wind  velocity  may  not  be  the  same  as  that  observed  at  the  radar  site 
if  the  distance  to  the  precipitation  is  great.  Occasions  have  also 
been  noted  when  precipitation  echoes  within  a  relatively  small  area 
have  shown  differences  in  motion  due  to  being  moved  by  different  wind 
directions  at  various  levels. 

In  general,  however,  precipitation  is  a  relatively  well  behaved 
radar  target  and  except  for  rare  instances  its  extensiveness  and  orderly 
movement  readily  identifies  it  to  the  radar  operator  monitoring  a  PPI  display. 

Aircraft 

The  term  aircraft  includes  a  wide  variety  of  vehicles  from  un¬ 
powered  sailplanes  to  the  most  advanced  military  jets  with  speeds 
several  times  that  of  sound.  A  target  such  as  an  aircraft  has  a  very 
complex  shape  that  is  many  times  the  wavelength  of  the  incident  radar 
energy.  As  the  energy  scattered  from  different  parts  of  the  aircraft 
adds  or  subtracts  from  other  parts,  the  signal  returned  to  the  radar 
fluctuates.  Fluctuations  in  the  echo  can  also  result  from  changes  in 
the  angle  at  which  the  aircraft  is  viewed.  That  is,  when  an  aircraft 
is  viewed  broadside,  its  radar  (and  visual)  cross-section  is  much  larger 
than  when  viewed  from  the  nose  or  tail.  Skolnik  (1962)  reports  a  15  dB 
change  in  echo  intensity  with  an  aspect  change  of  only  1/3  of  a  degree. 

High  frequency  fluctuations  due  to  jet  turbines  (Edrington,  1965)  and 
propel lors  (Skolnik,  1962)  have  also  been  reported.  These  fluctuations 
are  on  the  order  of  1000  cycles  per  second  and  would  not  be  apparent  on  a  PPI. 

Although  aircraft  echoes  fluctuate  due  to  aspect  and  propulsion 
modulation::,  there  is  a  general  correlation  between  size  of  aircraft 
and  the  amount  of  signal  returned  to  the  radar.  An  indication  of  the 
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relative  detectability  of  several  aircraft  as  given  by  the  Air  Force 
(1954)  is  F-86  =  0.46,  B-45  -  0.75,  B- 17  ■  1.0,  B-29  -  1.2.  The 
numbers  mean  that,  if  on  a  given  radar  a  B - 1 7  was  just  detectable 
at  100  mi.,  an  F-86  would  be  just  detectable  at  46  mi. 

The  radar  cross-sections  of  components  of  a  large  jet  aircraft 

was  measured  with  a  71  cm.  radar  (Skolnik  1962)  and  maximum  values  in 
2 

excess  of  100  m  were  found.  The  fuselage  of  the  large  jet  when 
viewed  from  the  front  or  rear  had  a  cross-section  of  about  one-half 
square  meter.  Smaller  aircraft  would  have  much  smaller  radar  cross- 
section  of  about  one-half  square  meter.  Smaller  aircraft  would  have 
much  smaller  radar  cross-sections  and  light  aircraft  or  ta)lplanes  of 
fiberglass  or  wooden  construction  could  have  extremely  small  radar 
cross-sections . 

Another  type  cf  fluctuation  in  echo  signal  from  aircraft  and 
similar  point  targets  is  due  to  the  nature  of  radio  wave  propagation. 
When  a  radar  wave  is  propagated  over  a  plane  reflecting  surface 
there  will  be  reflections  from  that  surface  to  a  target  in  addition 
to  the  direct  path  from  the  radar  to  the  target.  Figure  3  illustrates 
the  geometry  of  beam  distortion  due  to  such  a  plane  reflecting  surface. 
In  Fig.  3a  an  idealized  beam  pattern  in  free  space  is  shown.  When 
a  reflecting  surface  such  as  the  ground  or  sea  surface  is  introduced 
a  portion  of  the  beam  will  be  reflected  from  the  surface  as  in  Fig. 3b. 

A  target  will  thus  be  illuminated  both  by  a  direct  wave  and  a  reflected 
wave.  The  echo  signal  from  the  target  back  to  the  radar  travels  over 
the  two  paths  so  that  the  echo  is  composed  of  two  components.  The 
resulting  echo  intensity  will  depend  on  the  extent  to  which  the  two 
components  are  ir  phase.  Areas  along  which  the  two  components  are 
in  phase  resulting  in  a  stronger  signal  lie  along  lines  of  angular 

elevation  of  ...  (X  ■  wavelength  and  h  ■  antenna 

a 

height).  The  twe  components  are  out  of  phase  and  nearly  cancel  each 
other  between  the  maxina.  The  resulting  beam  pattern  thus  consists  of 
a  series  of  lobes  as  presented  schematically  in  Fig.  3c.  As  an 
aircraft  flies  along  it  will  progress  through  the  regions  of  maxima 
and  minima,  and  the  signal  will  fluctuate  from  near  zero  in  the  minima 
to  a  value  near  twice  the  fre  -space  intensity  in  the  maxima. 
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o  FREE  SPACE  BEAM  pattern 


c.  BEAM  PATTERN  WITH  PLANE 

reflecting  surface 


FIG.  3  DISTORTION  OF  RADAR  BEAM  DUE  TO  PLANE 
REFLECTING  GROUND  SURFACE 


The  foregoing  assumes  a  pi ane# perfec t ly  reflecting  surface 
Since  the  surface  in  the  vicinity  of  a  radar  station  is  generally 
not  a  plane  and  its  reflecting  qualities  vary  the  situation  is  much 
more  complex  than  the  idealized  case. 

The  effect  of  these  fade  areas  is  to  cauie  aircraft  targets  to 
sometimes  disappear  and  then  (if  the  target  has  not  reached  a  range 
such  that  the  return  signal  is  no  longer  detectable)  to  reappear.  With 
a  number  of  aircraft  flying  about  it  is  not  inconceivable  that  the  fad¬ 
ings  and  reappearances  of  the  several  aircraft  would  be  difficult 
to  keep  track  of  and  could  be  misinterpreted  as  a  smaller  number  of 
targets  that  were  moving  quite  erratically. 

Considering  the  whole  spectrum  of  vehicles  that  travel  in  the 
atmosphere,  there  may  be  speeds  as  low  as  zero  (hovering  helicopter) 
or  speeds  exceeding  Mach  3.0.  Correspondingly^  a  1 1 1 tudes  vary  from 
the  surface  to  50,000  -  60,000  ft.  (in  some  cases  above  100,000  ft.) 
Different  types  of  aircraft,  however,  are  limited  in  their  range  of 
speeds  and  altitudes.  A  hovering  helicopter  cannot  suddenly  accel¬ 
erate  to  three  times  the  speed  of  sound.  Neither  can  a  supersonic 
jet  hover  at  60,000  ft.  A  characteristic  of  an  aircraft  echo  on  a 
PPI  is  therefore  its  relative  uniformity  of  movement.  To  monitor  this 
movement  allowance  must  be  made  for  fades.  The  direction  of  move¬ 
ment  also  will  be  quite  independent  of  wind  direction  at  flight  level. 

Birds  and  insects 

Possibly  the  earliest  observation  of  a  radar  echo  from  a  bird 
was  made  by  R.  M.  Page  (1939)  of  the  Naval  Research  Laboratory  in  Feb¬ 
ruary,  1939.  It  was  made  with  an  experimental  200  MHz.  radar 
(the  XAF)  on  the  U.S.S.  New  York  near  Puerto  Rico.  Bird  echoes,  as 
reported  by  Lack  and  Varley  (1945),  were  observed  on  a  10  cm.  coast¬ 
watching  radar  set  near  Dover  during  1941.  Visual  checks  confirmed 
both  of  these  early  detections  by  radar  as  being  returns  of  individual 
birds.  Numerous  bird  observations  by  radar  have  been  made  since, 
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especially  of  bird  Migrations  as  is  evidenced  in  a  bibliography 
compiled  by  Myres  (1964)  listing  89  papers,  and  a  text  written  by 
kastwood  (1967).  Radar  cross-sections  (o )  have  been  measured  of 
birds  in  a  fixed  position  suspended  in  a  nor  -  ref lect ing  sling  and 
of  birds  in  flight.  The  values  obtained,  shown  in  Tables  2  and  3 , 
vary  with  species,  aspect,  and  radar  wavelength 

Because  of  the  inverse- fourth-power  variation  with  range, 
a  bird  at  short  range  in  the  msin  beam  can  give  a  radar  echo  com¬ 
parable  in  intensity  to  that  from  an  aircraft  in  the  main  beam  at 
a  long  range.  For  exaaple,  if  a  pigeon  wi’.h  p  broadside  radar  cross- 
section  of  100  cm^  were  flying  within  the  radar  main  beam  at  a  range 
of  10  mi.,  it  would  produce  as  strong  a  signal  to  the  radar  as  a 
jet  aircraft  with  a  a  value  of  106  cm^  (100  m^)  rlying  within  the 
radar  aain  beam  at  a  range  of  100  mi.  However,  if  the  aircraft  were 
flying  in  a  side-lobe  40  dB  less  powerful  than  the  main  beam  in  which 
the  bird  is  flying  both  would  produce  equal  intensity  signals  at  the 
same  range.  If  the  side  lobe  were  30  dB  down,  a  bird  in  the  main  beam 
at  10  mi.  would  look  like  an  aircraft  at  17.8  mi . ,  and  if  the  side  lobe 
were  20  dB  down,  the  bird  at  10  mi.  would  look  like  an  aircraft  at 
31.6  mi . 

Theoretically  the  maximum  detectable  range  as  dictated  by  the 
amount  of  radar  signal  returned  from  birds  can  be  calculated.  How¬ 
ever,  verification  is  not  easy  due  to  the  difficulty  of  spotting  a 
bird  and  establishing  that  it  belongs  to  a  particular  blip  on  a  radar 
scope.  This  is  particularly  difficult  in  the  presence  of  sea  clutter 
as  experienced  during  an  experiment  conducted  by  Allen  and  Ligda  (1966)  at  Stan¬ 
ford  Research  Institute.  During  an  experiment  conducted  by  Konrad  (1968), 
individual  birds  were  released  from  an  aircraft  flying  over  water  at 
5,500  -  6,000  ft.  from  8  -  10  n.mi.  from  the  radars.  After  separation 
of  the  aircraft  from  the  bird  in  the  radar  scope,  each  individual  bird 
was  automatically  tracked  for  periods  up  to  five  minutes,  so  that  the 
target  observed  was  positively  identified  as  a  bird.  Flocks  of 
birds  have  been  detected  to  ranges  of  at  least  51  n.mi.  as  reported 
by  Eastwood  and  Rider  (1965)  . 
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Table  2 


SUMMARY  OF  BIRD  RADAR  CROSS-SECTION  DATA 
(from  Konrad,  Hicks,  and  Dobson  1968) 

Root-mean- 


Radar  Points 

Band  at 

point/sec) 

Mean  radar  1 

Cross-section 
(cm2) 

Median  radar 
cross-section 
(cm2) 

square 

fluctuations 
in  cross 
section 
(cm2) 

Mean-to- 
median 
ratio,  p 

X 

230 

16  Grackle 

6.5 

24 

2.4 

S 

230 

27 

13 

31 

2.2 

UHF-W* 

230 

0.73 

0.58 

0.6 

1.3 

UHF-VH+ 

230 

0.37 

0.15 

0.7 

Grackle 

X 

116 

15 

7.2 

21 

2.1 

S 

116 

23 

11 

32 

2.2 

UHF-W 

116 

0.41 

0.32 

0.5 

1.3 

UHF-VH 

116 

0.03 

0.015 

0.04 

Sparrow 

X 

129 

1.9 

1.0 

2 

1.9 

S 

129 

15 

11 

11 

1.4 

UHF-W 

129 

0.025 

0.02 

0.02 

1.3 

UHF-VH 

129 

Sparrow 

X 

233 

1.3 

0.60 

2 

2.2 

S 

223 

12 

11 

5 

1.1 

UHF-W 

233 

0.020 

0.02 

0.01 

1.1 

UHF-VH 

233 

Pigeon 

X 

160 

15 

6.4 

28 

2.3 

S 

160 

80 

32 

140 

2.5 

UHF-W 

160 

11 

8.0 

7.0 

1.3 

UHF-VH 

160 

1.2 

0.7 

1.4 

*VV,  Transmit  vertical  polarization  and  receive  vertical  polarization. 
+VH,  Transmit  vertical  polarization  and  receive  cross -polarized  or 
or  horizontal  component. 
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Table  l 


VARIATION  OF  RADAR  CROSS  SLCTION  Will)  AS  PLOT 
(from  Konrad,  Hicks,  and  Dobson  1968) 


Radar 

Band 


Aspect  * 


Starling  (Stumus  vulgaris) 

Head 

Broadside 

Tail 


Radar 

cross -sect i on 
’  (an'  ) 


1 . 8 
25.0 

1.3 


Pigeon  (Columba  livia) 
Head 

Broadside 

Tail 


1 .  1 
100 
1.0 


X 

X 

X 


House  sparrow  (Passer  domesticus) 
Head 

Broadside 

Tail 


0.25 
7.0 
0.  18 


Rook  (Corvus  frugilegus) 
Broadside 


2  SO 


Turkey  buzzard 
Unknown 


25  to  250 


6  J0 

24 _ 

•For  the  cross-section  measurements  of  the  starling,  pigeon, 
sparrow,  and  rook,  the  birds  were  suspended  from  a  tower  wit! 
their  wings  folded;  the  radar  elevation  angle  was  18°. 
Measurements  of  the  turkey  buzzard  were  made  when  the  bird  was 
in  flight;  measurements  of  the  duck  and  chicken  were  made 
when  the  birds  were  standing  or  squatting.  *400  megacycles. 


Duck  and  chicken 
UHF*  Head 

UHF*  Tail 
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Very  few  birds  fly  ov't  13,000  ft.,  most  fly  below  5,liOO  ft. 

In  a  survey  conducted  by  Furrari  (1966)  of  USAf  reports  of  bird- 
aircraft  collisions  during  1965,  27%  of  all  collisions  were  under 
100  ft.  28%  between  100  -  2,000  ft.,  21%  between  2,000  -  3,000 
ft.  and  the  24%  above  3,000  ft.  If  it  can  be  assumed  that  the  prob¬ 
ability  of  a  bird-aircraft  collision  is  equally  likely  at  all  altitudes 
(which  may  not  be  fully  valid  due  tc  climb  and  descent)  this  should 
be  somewhat  of  a  representative  figure  of  the  height  of  flight  for 
birds.  There  was  one  reported  bird-aircraft  strike  at  17,000  ft.  and 
a  few  sightings  above  20,000  ft.,  however  the  number  of  birds  fly¬ 
ing  at  these  altitudes  appears  to  be  extremely  small. 

Eastwood  and  Rider  (1965)  reported  a  rather  complete  analysis 
of  the  height  of  flight  of  various  birds  observed  by  radar  at  the 
Marconi  Research  Laboratory  in  England.  Their  findings  agreed  very 
closely  with  the  above;  about  90%  of  all  birds  were  below  5,000  ft. 

Birds  fly  higher  at  night  and  during  the  spring  and  fall  migration 
periods.  A  plot  of  the  average  altitude  distribution  over  the  year 
is  shown  in  Fig.  4.  All  of  these  figures  are  probably  applicable 
as  height  above  the  general  terrain;  i.e.,  at  5,000  ft.  above  mean 
sea  level,  90%  of  the  birds  would  fly  at  altitudes  below  10,000  ft.m.s.l. 
The  amount  cf  cloud  cover  also  affects  the  height  at  which  birds  fly. 
Diagrams  included  by  Eastwood  and  Rider  (1965)  clearly  indicate  a 
marked  tendency  for  higher  mean  altitudes  to  be  flown  in  the  presence 
of  complete  cloud  cover 

Target  airspeed  is  another  means  for  identifying  a  bird.  It 
can  be  obtained  vectorially  from  a  knowledge  of  the  wind  velocity 
aid  the  radar-measured  target  velocity.  Houghton  (1964)  determined 
ihe  airspeed  of  a  limited  sampling  of  the  birds  by  visually  iden¬ 
tifying  each  through  a  telescope  aimed  by  tracking  radar  Fig.  5.  in 
all  cases  the  wind  speeds  were  less  than  5  knots.  Target  air  speed 
cannot  invariably  distinguish  between  a  helicopter,  a  slow  moving 
aircraft  and  a  bird  flying  in  a  high  wind  without  precise  knowledge 
of  the  wind  at  the  bird  altitude. 
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FIG.  4  AVERAGE  ALTITUDE  DISTRIBUTION  OF  BIROS  OVER 
THE  YEAR  (from  EASTWOOD  and  RIDER  1965) 
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SPEED - knots 

FIG. 5  BIRD  AIRSPEED  CHART 

(from  HOUGHTON  1964) 
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Mocks  of  b  i  rds  sometimes  produce  rings  on  a  radar  ^cope  which 
expand  from  a  number  of  fixed  points.  these  liuve  been  vailed  "ring 
angels"  and  were  first  attributed  to  birds  by  ligda  (UiaH).  \isual 
confirming  observations  were  lacking  at  that  time,  later,  lust  wood, 

Isted  and  Rider  (.  1 9 1> 2 )  verified  that  radar  ring  angels  were  vlefinitels 
caused  by  the  dispersal  of  starlings  (Stumus  vulgaris)  from  tlu  .  r 
roosts  at  sunrise.  After  several  radar  scope  observations  were 
studied,  it  became  possible  to  pinpoint  the  centers  of  the  rings 
and  the  approximate  locations  of  the  roosts.  A  number  of  observers 
equipped  with  radio  telephones  were  stationed  at  each  location  and 
signaled  the  precise  moment  of  emergence  of  the  successive  flocks 
of  starlings  from  the  roost  under  observations.  These  data  were 
correlated  with  the  radar  scope  presentations  to  confirm  definitely 
the  generation  of  ring  angels  by  birds.  The  mean  air  speed  of  star¬ 
lings  leaving  the  roost  was  measured  as  37  knots. 

Under  some  conditions,  slow-moving  ring  echoes  ma>  he  produced 
by  the  rise  of  a  temperature  inversion  layer  in  the  early  morning 
hours  after  sunrise.  Scj-breeze  fronts  have  occasionally  been  seen 
on  radar  as  a  line,  and  at  othei  times  as  a  boundary  between  scatteied 
and  concentrated  signal  returns  as  shown  by  bust  wood  (  lPo")  .  Mow 
much  of  the  line  produced  is  due  to  the  meteorological  effects  and 
how  much  by  birds  and  insects  is  still  a  matter  for  speculation. 

However,  Lastwood  ( 19t> 7 )  cites  reports  by  glider  pilots  sharing  up- 
currents  with  birds  taking  advantages  of  the  lift  provided.  Ibis 
and  some  limited  study  of  the  characteristics  of  the  radar  scope 
signals,  produce  some  indication  as  to  the  validity  of  the  bird  theory. 

Some  studies  have  been  made  on  target  signal  fluctuation  and 
other  signature  analysis  techiques  in  connection  with  birds  (Lastwood, 
1967)  and  even  with  insects  (Glover,  1966)  .  Some  of  the  signal  character¬ 
istics  have  been  attributed  to  aspect  of  the  target  and  others  to  wing 
motion.  There  is  ample  evidence  that  insects  are  to  be  found  in  the  at¬ 
mosphere  well  above  the  surface.  Apart  from  flying  insects,  creatures 
such  as  spiders  can  become  airborne  on  strands  of  gossamer  and  be  borne 
aloft  in  convective  air  currents.  Glick  (1939)  reports  in  considerable 
detail  the  results  of  collecting  insects  from  aircraft  over  the  southern 
U.S.  aid  Mexico.  He  found  concentrations  of  insects  of  the  order  1  per 


1088 


1 


2  cubic  kilometers  in  the  layer  between  1000  ft.  and  4000  ft.  abov* 
th *  ground,  with  more  widely  spaced  encounters  up  to  four  or  five 
times  the  latter  height.  Although  more  recent  data  do  not  appear 
to  have  been  collected,  it  is  common  for  sailplane  pilots  to  ex¬ 
perience  many  types  of  insects  impinging  on  the  canopy  or  the  leading 
edges  of  the  wings  at  altitudes  exceeding  10,000  ft.  above  terrain. 

Less  commonly,  birds  feeding  on  insects  carried  aloft  by  thermals 
are  observed  at  similar  altitudes. 

The  radar  cross-sections  (o)  of  the  various  li.rects  listed  in 

Table  4  (measured  at  wavelenths  of  3.2  cm.)  range  from  0.01  cm4- 
“> 

to  1.22  cm"  for  all  but  the  locust  which  has  a  maximum  o  value  of 

9.6  cm".  The  ability  of  any  given  radar  system  to  detect  radar  cross- 

sections  of  these  low  values  is  a  function  of  its  design,  its  current 

performance,  and  the  ability  of  the  operator  Ultra-sensitive  radar 

systems  such  as  the  MIT  Lincoln  Laboratory  radars  at  Wallops  Island,  Va. 

-4  2 

have  reported  minimum  detectable  cross-sections  at  10  km.  of  6  x  10  cm 

.c;  2  -5  1 

for  the  X-band,  2.5  x  10  '  cm  for  the  S-band,  and  3.4  x  10  cm"  for 

the  UHF  radars  (Hardy,  1966).  The  X-band  radar  is  two  orders  more  sen¬ 
sitive  than  required  to  detect  the  listed  insects  at  a  range  of  10  km. 
and  probably  is  functioning  close  to  the  limit  of  detectability.  The 
majority  of  other  radar  systems  in  general  use  today  are  less  sensitive. 
Some  are  not  able  to  detect  insects  in  the  lower  range  of  o  values. 
Tabulation  of  a  large  number  of  radar  system  characteristics  has 
been  published  in  classified  documents  by  RAND.  Major  radar  para¬ 
meters  for  some  airborne  sets  are  listed  in  an  rrticle  by  Senn  and 
lliser  ( 196 3)  . 

Insects  are  commonly  found  at  surprisingly  high  altitudes. 

Swarms  of  butterflies  and  other  insects  are  found  in  summer  on  14,000- 
ft.  mountain  peaks  in  the  Rockies.  A  few  insects  have  been  reported 
at  over  25,000-ft.  altitudes  in  the  Himalayas. 

Verification  of  insects  as  causing  a  particular  blip  on  a  radar 
scope  is  even  more  difficult  than  birds.  However,  this  was  accomplished 
as  reported  by  0 lover,  et  al  (  1966).  Single  insects  were  released 
from  an  aircraft  and  tracsed  b>  radar  at  altitudes  from  1.6  to  3.0  km. 
;uid  at  ranges  up  to  IS  km.  Experiments  of  this  sort  and  other  studies 
involving  clear  atmosphere  probing  with  tugl'-powir  radars  (Atlas,  1966, 
Hardy,  I960  and  1968)  have  led  to  valid  conclusions  that  most  of  the  dot 
echoes  are  caused  by  insects  or  birds. 

Attention  has  been  given  by  Browning  (1966)  to  the  determination  of 
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Table  4 

SUMMARY  OF  INSECT  RADAR  CROSS-SECTION  DATA  MEASURED 
AT  3.2  CM  (from  Hajousky  et  al ,  1966) 


Insect 

Body 

Length 

M4 

Body 

Diameter 

W 

oL 

an2 

OT 

cm2 

Diptera 

Range  Crane  Fly- 
Timpula  Simplex 

13 

1 

0.30 

0.02 

Green  Bottle  Fly- 
Lucilia  Ceasar 

9 

3 

0.25 

0.10 

Hymenoptsra 

Honey  Bee  (worker)  - 
Apis  Mellifera 

13 

6 

1.00 

0.30 

California  Harverter  Ant- 
Pogonomyrmex  Califomicus 

13 

6 

0.04 

0.02 

Coleopteia 

Convergent  Lady  Beetle- 
Hippodamia  Convergens 

5 

3 

0.02 

0.01 

Twelve-spotted  Cucumber 

Beetle-Diabratica 

Duodecimpunctata 

8 

4 

0.14 

0.05 

Lepidoptera 

Aruy  Worm  Moth- 

Cirphis  Unipuncta 

14 

<♦ 

1.22 

0.12 

Alfalfa  Caterpillar  Butterfly- 
Colias  Eurytheme 

-  14 

1.5 

0.65 

0.02 

Orthopter 

Blue  Winged  Locust- 
Trimeratropic  Dyanipennis 

20 

4 

9.60 

0.96 

Aranedia 

Spider  (unidentified) 

c 

3.5 

0.10 

0.06 
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the  velocity  characteristics  of  some  clear-air  dot  angels.  A 
5.42  cm.  pulse  Uoppler  r~dur  with  a  1*  beam  elevated  at  30®  and 
rotating  at  4  rpm  was  used  in  the  study.  A  series  ol  radar  soundings 
spaced  about  half  to  one  hour  apart  were  obtained  at  500  ft.  altitude 
intervals  up  to  3000  ft.  using  range-gating  techniques.  Temperature, 
humidity  and  wind  data  were  collected  simultaneously  with  the  radar 
soundings . 

Three  kinds  of  angel  population  were  distinguished  according 

to  their  mean  deviation  from  the  swarm  velocity,  their  average  vertical 

motion,  their  maximum  relative  velocities  and  their  o  values.  Atmospheric 

inhomogeneities  or  the  presence  of  plant  seeds  appeared  to  be  ruled 

out  because  of  the  small  back-scattering  cross-sections  of  individual 

2 

angels  (less  than  approximately  0.1  cm  ),  their  discreteness  in  space 
and  velocity,  their  often  quite  large  mean  deviations  (up  to  4  m  sec  *) 
from  a  uniform  velocity,  and  the  fact  that  the  only  major  upward 
velocities  occurred  after  sunset,  at  a  time  when  the  lapse  rate  was 
becoming  increasingly  stable.  The  same  data  suggest  insects  as  the 
likeliest  cause. 

Satellites  and  space  debris 

Some  of  the  larger  man-made  objects  in  space  (such  as  the  Echo 

I  and  Echo  II  metallized  balloons,  Pegasus,  and  large  boosters)  have 

large  radar  cross-sections  and  can  be  detected  by  search  radars.  For 

example,  Peterson,  (1960)  found  that  occasionally  the  radar  cross- 

2 

section  of  Sputnik  II  approached  1000  m  .  Such  space  objects  at 
altitudes  of  around  120  mi.  and  with  speeds  of  around  18,000  mph  could 
appear  as  multiple  trip  echoes  if  they  were  detected  on  a  search  radar. 

Fig.  6  illustrates  the  possible  appearance  of  the  track  of  a 
satellite  on  the  PPI  of  a  search  radar.  The  figure  assumes  a  satellite 
at  120  n.  mi.  altitude  moving  radially  at  a  distance  of  500  n.  mi. 
from  a  radar  with  an  unambiguous  range  of  200  mi.  (The  elevation 
angle  of  the  satellite  would  be  about  8°  which  is  within  the  vertical 
coverage  of  many  search  radars.)  When  the  satellite  is  at  point  A 
the  echo  is  displayed  on  the  PPI  at  point  A',  400  mi.  less  than  the 
actual  range.  As  the  satellite  moves  to  point  B  its  range  closes 
to  less  than  450  mi.  so  the  echo  moves  to  within  50  mi.  on  the  PPI. 

From  B  to  C  the  range  of  the  satellite  opens  to  50mi.  so  the  echo  moves 
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out  to  100  ml.  again.  An  interesting  feature  of  this  example  is  that 
while  the  actual  path  length  from  A  to  C  is  500  mi.  the  length  of  the 
echo  track  is  only  140  mi.  Thus,  if  the  satellite  was  moving  at 
18,000  mph  the  echo  would  move  only  140/S00  x  18,000  or  5,040  mph . 

At  the  speed  of  18,000  mph  the  satellite  would  move  5  mi/sec  and 
take  100  sec.  to  move  from  A  to  C.  It  is  obvious  that  the  rotation 
rate  of  the  antenna  would  have  to  be  high  to  map  the  entire  track 
of  the  satellite  as  it  moved  from  A  to  C.  An  antenna  rotating  at 
6  rpm  would  detect  the  satellite  every  10  sec.  and  thus  get  an  echo 
10  times  as  the  satellite  moved  from  A  to  C .  At  slower  rotation 
rates  fewer  points  along  the  track  would  be  displayed. 

Detection  of  satellites  by  search  radars  would  therefore 
result  in  high-speed  echoes  on  the  PPI.  If  the  satellite  were  moving 
toward  the  radar  the  echo  would  move  at  the  satellite  velocity 
but  would  probably  be  detected  for  a  shorter  period  since  as  it 
approached  the  radar  it  would  rise  above  the  vertical  coverage  of  the 
radar  beam. 

Ionization  phenomena 

In  1906  J.J.  Thomson  showed  that  ionized  particles  are  capable 
of  scattering  electromagnetic  waves .  Sources  of  ionized  particles 
include  lightning  strokes,  meteors,  reentry  vehicles,  corona  dis¬ 
charges  from  high  voltage  lines,  and  static  discharges  from  high¬ 
speed  aircraft.  Ionospheric  layers  and  the  aurora  are  also  ionization 
phenomena.  These  ionization  phenomena  or  plasmas  may  under  certain 
conditions  produce  radar  echoes  on  the  PPI  of  a  typical  search  radar. 

Plasmas  resulting  from  lightning  discharges  return  echoes  which 
may  be  seen  on  the  PPI  if  the  operator  is  looking  at  the  right  spot  at  the 
right  rime.  A  number  of  investigators  (Ligda,  1956;  Atlas  1958a)  have  dis¬ 
cussed  the  appearance  of  lightning  echoes  on  the  PPI .  The  echoes 
typically  vary  from  a  point  to  irregular  elongated  shapes  up  to  100 
mi.  or  more  in  length. 
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A  salient  feature  of  lightning  echoes  is  the  short  duration  of 
the  echo  from  a  given  lightning  discharge.  Since  the  echo  l-sts 
about  0.5  sec.,  it  will  be  evident  only  on  one  scan. 

The  radar  cross-section  of  the  ionized  column  of  plasma  produced 

2 

by  lightning  has  been  estimated  by  Ligda  (1956)  to  be  60  m  depending 
on  ion  density  within  the  plasma  and  on  the  wavelength  of  the  radar 
illuminating  the  plasma.  Electron  densities  of  10  */cc  are  required 

9 

for  critical  (100%)  reflection  of  3  cm. radar  energy;  only  10  electrons/ 
cc  ire  required  with  a  30  cm.  radar.  Thus,  longer  wavelength  radars 
are  more  apt  to  detect  lightning  than  the  shorter  wavelength'  radars . 
There  is  another  factor  which  aids  lightning  detection  at  longer  wave¬ 
lengths.  The  longer  wavelength  radars  detect  less  precipitation  than 
the  shorter  wavelength  radars.  Therefore,  a  lightning  discharge 
inside  an  area  of  light  precipitation  might  be  hidden  within  the 
precipitation  ech.i  on  the  FPI  of  a  3  cm.  radar,  while  a  23  cm.  radar 
might  detect  the  lightning -produced  plasmas  but  not  the  precipitation. 

Confirmation  that  short-lived  (one  scan)  echoes  were  caused  by 
lightning  was  based  on  the  fact  that  there  were  visual  lightning  dis¬ 
charges  in  the  area  from  which  the  radar  received  the  echoes.  Atlas 
(1958a),  however,  estimated  (from  echo  intensities  and  dimensions)  that 
discharges  may  occur  that  are  radar  detectable,  but  are  not  visible 
to  the  eye.  Whether  or  not  there  is  visible  lightning  in  the  area 
of  these  short  echoes,  there  will  undoubtedly  be  precipitation  areas 
in  the  vicinity.  The  exact  distance  from  precipitation  that  lightning 
may  occur  has  not  been  adequately  studied.  It  is  known  that  the  prob¬ 
ability  of  radar  detection  of  lightning  is  greatest  when  the  radar 
beam  intercepts  the  upper  levels  (ice  crystal  regions)  of  thunder¬ 
storms.  In  a  mature  thunderstorm  the  ice  crystal  blowoff  or  anvil  may 
extend  many  tens  of  miles  downwind  of  the  precipitation  axea.  Atlas 
(1958a)  illustrates  a  lightning  echo  some  10  to  20  mi.  ahead  of  the 
precipitation  echo  but  within  the  anvil  cloud  extending  downwind  from 
the  storm. 
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In  addition  to  short  duration  lightning  strokes  there  is  the 
longer-lived  "ball  lightning."  Ritchie  (1961)  mentions  the  controversy 
surrounding  ball  lightning  and  also  some  of  its  alleged  characteristics 
such  as  sliding  along  telephone  wires,  fences,  or  other  metallic  ob¬ 
jects.  Radar  detection  of  bal’  lightning  under  these  conditions  is 
difficult  since  echoes  of  the  metallic  objects  and  the  ground  would 
tend  to  mask  ball  lightning  near  the  surface. 

Since  search  radars  can  detect  echoes  of  very  short  duration  re¬ 
turned  by  plasmas  created  by  lightning  flashes,  there  is  no  reason  to 
assume  that  other  plasmas  could  not  be  detected  by  search  radars 
if  the  plasmas  were  sufficiently  separated  from  other  targets. 

The  radar  echoes  would  probably  appear  as  point  targets  and  if  the  dur¬ 
ation  were  sufficient  to  compute  a  speed,  it  would  correspond  to 
that  of  the  plasma.  The  possible  range  of  speeds  of  plasma  blobs 
cannot  be  given  since  so  little  is  kncwn  about  the  phenomenon. 

In  addition  to  reflections  of  the  radar  pulse  there  is  another 
source  of  signals  from  the  lightning  discharge,  those  that  are  radiated 
by  the  lightning  discharge  itself.  These  signals,  called  sferics, 
appear  on  the  PPI  as  radial  rows  of  dots,  as  one  or  more  short  radial 
lines,  or  as  a  combination  of  dots  and  lines  (Ligda, 1956)  .  Atlas 
(1958b)  states  that  10  cm.  and  23  cm.  radars  are  good  sferics 
detectors  while  radars  such  as  the  3  cm.  CPS -9  have  moderate. 'y  low 
range  capabilities  in  detecting  sferics. 

As  with  the  lightning  echo,  the  sferic  duration  is  very  short 
Atlas  (1958b)  found  an  average  480  u  sec.  for  489  sferics  measured 
during  a  severe  squall  line  on  19  June  1957.  As  a  result  such  sferic 
signals  from  a  given  lightning  discharge  would  only  be  displayed  on 
one  scan  of  the  PPI. 

The  aurora  is  a  complex  phenomenon  caused  by  ionization  of 
the  upper  atmospheric  gases  by  high-speed  charged  particles  emitted 
by  the  sun.  Upon  entering  the  earth's  upper  atmosphere,  these  charged 
particles  are  guided  by  the  earth's  magnetic  field  and  give  rise  to 
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a  luminous  display  visible  only  at  night.  The  aurora  occurs  most 
often  in  the  vicinity  of  67°  geomagnetic  latitude.  In  the  zone 
of  maximum  auroral  activity,  visual  displays  can  be  seen  almost  every 
clear  night. 

Increased  auroral  activity  is  found  to  follow  solar  magnetic 
storms.  A  direct  correlation  exists  between  sunspot  activity  and  the 
intensity  and  extent  of  aurora.  The  increased  auroral  activity  follows 
a  solar  disturbance  by  about  one  or  two  days,  the  time  required  for 
the  charged  particles  to  travel  from  the  sun  to  the  earth.  During 
these  times,  auroras  may  be  seen  at  latitudes  far  removed  from  the 
normal  auroral  zones. 

Auroral  displays  occur  in  the  ionosphere  at  altitudes  ranging 
from  54  -  67  mi.  The  ionization  which  is  seen  as  a  visual  auroral 
display  is  formed  into  long  slender  columns  which  are  aligned  with 
the  earth's  magnetic  field.  This  formation  results  in  strong  aspect 
sensitivity  which  means  that  radar  reflections  occur  only  when  the 
radar  bean  is  approximately  at  right  angles  to  the  earth's  magnetic 
field.  Echo  strength  is  proportional  to  the  radar  wavelength  raised 
to  the  third  or  fifth  power;  consequently,  most  radar  observations 
occur  at  VHF  or  lower  UHF. 

As  a  result  only  lower  frequency  UHF  search  radars  within  1000  mi. 
of  the  Arctic  or  Antarctic  Circles  would  be  capable  of  detecting 
auroral  echoes.  The  echoes  would  generally  appear  at  true  ranges 
of  60  -  180  mi.  for  a  few  minutes  to  several  hours.  The  echoes 
would  be  mainly  stationary  and  could  be  either  distributed  or  point 
targets  usually  in  the  magnetic  north  azimuths  in  the  northern 
hemisphere  or  magnetic  south  azimuths  in  the  southern  hemisphere. 

Meteors  are  small  solid  particles  that,  when  they  enter  the 
earth's  atmosphere,  leave  an  ionized  trail  from  which  radar  echoes 
are  returned.  The  majority  are  completely  ablated  at  altitudes 
ranging  from  50  -  75  mi.  Visible  meteors  vary  in  size  from  about 
1  gm.  to  about  1  pgm.  The  ionized  trail  produced  by  a  0.1  gm. 
meteor  is  miles  long  and  only  a  few  feet  in  diameter. 
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The  meteor  particle  itself  is  far  too  small  to  be  detected.  Meteors 
are  observed  both  visually  and  by  radar  by  the  trail  of  ionization 
they  produce.  Because  of  the  distance  and  the  small  cross-section 
of  the  trail,  meteor  ionization  can  be  detected  by  radar  only  when 
the  trail  is  orientated  at  right  angles  to  the  radar  beam. 

Although  most  meteor  echoes  last  no  more  than  a  fraction  of 
a  second  when  observed  with  VHF  radar,  a  few  echoes  persist  for  many 
seconds.  The  duration  of  the  meteor  echo  is  theoretically  proportional 
to  the  square  of  radar  wavelength,  and  the  power  returned  is  proportional 
to  the  wavelength  cubed.  For  these  reasons,  meteor  echoes  are  seldom 
detected  at  frequencies  above  VHF. 

Meteor  echoes  on  a  low  frequency  UHF  radar  usually  appear  as 
point  targets  with  a  duration  of  a  few  seconds  or  less.  Ranges  center 
around  120  mi. 

Very,  very  infrequently  meteors  occur  that  are  large  enough  to 
survive  atmospheric  entry.  They  usually  produce  a  spectacular  visual 
display,  referred  to  as  fireballs.  Such  meteorites  are  detectable  by 
sensitive  search  radars  operating  at  any  frequency  and  at  any  angle  to 
its  path.  Echoes  appear  as  point  targets  with  a  duration  of  a  few 
seconds.  The  true  range  would  be  less  than  120  mi.  and  the  range  rate 
generally  would  be  less  than  20,000  mph. 

Balloons 

Balloons  and  instrument  packages  or  reflectors  carried  by  balloons 
can  be  detected  by  search  radars.  More  than  100  balloons  are  released 
over  the  United  Staces  at  least  twice  a  day  from  Weather  Bureau,  Navy, 
and  Air  Force  Stations  for  the  measurement  of  upper  atmospheric 
conditions.  A  number  of  these  balloons  carry  radar  reflectors  as 
well  as  an  instrument  package,  and  some  are  lighted  for  theodolite 
(visual)  tracking.  Echoes  from  these  point  targets  move  at  the  speed 
of  the  wind  at  the  altitude  of  the  balloon.  Balloon  altitudes  vary 
widely  and  may  reach  100,000  ft.  so  that  ground  speeds  vary  from 
near  zero  to  well  over  100  knots.  When  a  balloon  bursts  and  the  instru¬ 
ment  package  abruptly  starts  a  descent  which  is  normally  slowed  by 
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parachute,  there  could  be  an  abrupt  change  in  the  behavior  of  the  echo 
on  the  PPI.  A  balloon  that  had  been  rising  in  a  direction  away  from 
the  station  would  show  the  range  gradually  increasing.  Then  if  it 
descended  rapidly  the  range  could  appear  to  decrease  which  could  be 
interpreted  as  a  reversal  of  course. 

"Chaff,"  "Window."  and  "Rope1 ' 

When  radar  was  developed  as  a  means  for  aiming  searchlights 
and  antiaircraft  guns  during  World  War  II,  countermeasures  were 
promptly  devised.  What  was  needed  was  something  inexpensive  and  ex¬ 
pendable  that  would  give  a  radar  return  comparable  with  the  echo 
from  the  aircraft.  Small  metallic  foil  strips  which  act  as  dipole 
reflectors  were  employed.  The  strips  are  released  from  an  aircraft, 
and  they  are  wind-scattered  which  results  in  a  cloud  with  a  radar 
cross-section  comparable  to  a  large  aircraft. 

The  terms  "chaff,"  "window,"  and  "rope"  are  used  to  designate 
particular  types  of  materials.  Chaff  consists  of  various  lengths 
of  material.  Chaff  having  the  same  length  is  called  window.  Rope 
is  a  long  roll  of  metallic  foil  or  wire  designed  for  broad,  low- 
frequency  response. 

Metallized  nylon  monofilaments  have  replaced  metal  foil  in  the 

construction  of  chaff  and  window.  The  nylon  type  is  lighter, 

hence  has  a  slower  rate  of  descent,  and  is  sore  compact.  A  typical 

package  of  X-band  chaff  is  a  cylinder  1  in.  in  diameter  and  1.5  cm. 

(one  half  the  3  cm.  wavelength)  long.  The  cylinder  contains  approximately 

150,000  filaments  and  weighs  6.5  gm.  and  fonts  a  cloud  with  a  radar 

2 

cross-section  of  about  25  m  .  The  filaments  descend  at  about  2  ft/sec 
in  still  air  at  lower  altitudes,  so  that  if  dispensed  at  40,000  ft. 
they  take  about  four  hours  to  reach  the  ground.  Turbulence  causes 
the  chaff  cloud  to  grow  and  disperse,  so  that  generally  the  signal 
becomes  so  much  weaker  that  sometimes  the  chaff  cloud  cannot  be 
tracked  all  the  way  to  the  ground. 
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Since  chaff  contains  a  large  number  of  elements  the  radar  sigral 
is  similar  to  that  from  precipitation.  Also  it  moves  with  the  wind 
at  its  altitude.  Therefore,  it  is  difficult  to  distinguish  between 
precipitation  and  a  cloud  of  chaff  by  briefly  examining  the  PPI 
display.  When  chaff  is  distributed  along  a  relatively  extended  path 
as  opposed  to  only  a  point  distribution,  the  echo  is  elongated  and  does 
appear  to  be  dissimilar  to  precipitation. 

Rope  is  a  60  -  80  ft.  piece  of  narrow  metallized  material  such 
as  mylar.  It  is  weighted  at  one  end  and  has  a  drag  mechanism  at 
the  other.  When  deployed  it  has  a  rate  of  descent  about  twice  as 
fast  as  chaff  so  it  would  take  about  two  hours  to  fall  from  40,000  ft. 
to  the  surface.  Usually  a  number  of  rope  elements  are  deployed  together 
so  there  will  be  some  increase  in  the  size  of  the  cloud  as  it  descends. 

Smoke 

Hiser  (1955)  reports  detecting  smoke  from  fires  at  a  city  disposal 
dump  about  15  mi.  from  the  site  of  a  10  cm.  search  radar.  The  radar 
echo  from  the  smoke  plume  was  evident  on  the  PPI  extending  in  a  north¬ 
easterly  direction  to  a  range  of  50  mi.  Goldstein  (1951)  mentions  a 
case  where  an  airplane  was  directed  to  an  echo  observed  by  a  10  cm. 
radar.  Only  several  columns  of  smoke  from  brush  fires  were  fcund. 

Smoke  particle  size  and  concentrations  are  so  small  that  one  would 
be  highly  skeptical  about  echoes  from  the  smoke  itself.  The  returns 
may  arise  from  refractive  index  discontinuities  at  the  boundaries 
of  the  smoke  plume.  Plank  (1956)  suggests  that  echoes  from  the  vicinity 
of  fires  may  be  from  either  particles  (neutral  or  ionized)  carried 
aloft  by  convective  currents  or  from  atmospheric  inhomogeneities  created 
by  the  fire. 

Distant  Ground  Return  and  "Angels" 

Local  terrain  features  and,  at  sea,  the  ocean  surface  are  detected 
by  radar.  The  range  to  which  such  clutter  is  detected  is  a  func¬ 
tion  of  antenna  height,  elevation  angle  and  beamwidth,  and  the 
distribution  of  temperature  and  humidity  along  the  propagation  path. 
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Since  normal  ground  clutter  is  present  day  after  day,  radar  operators 
become  familiar  with  it  and  may  even  use  some  prominent  points  to 
check  the  azimuthal  accuracy  of  the  radar.  There  are  circunstances 
in  which  distant,  rarely  detected  terrain  features  or  surface  objects 
return  echoes  to  a  radar.  The  phenomenon  referred  to  as  "angels"  is 
also  included  in  this  section  since  at  least  some  of  the  angels  appear 
to  be  distant  ground  return  that  is  detected  by  reflection  or  forward 
scatter  of  the  radar  beam  by  atmospheric  inhomogeneities. 

To  investigate  the  phenomena  of  distant  ground  return  it  is 
first  necessary  to  review  some  of  the  fundamentals  of  the  propagation 
of  electromagnetic  radiation  through  the  atmosphere.  The  interested 
reader  can  find  a  comprehensive  treatment  of  tropospheric  radar 
propagation  in  a  book  on  radio  meteorology  by  Bean  (1966)  which  covers 
in  detail  the  topics  in  the  following  brief  review. 

In  a  vacuum,  electromagnetic  energy  is  propagated  in  straight 

8 

lines  at  the  velocity  of  light,  3  x  10  m/sec.  This  constant  is  usually 
designated  by  the  symbol  "c."  In  a  homogeneous  medium,  the  direction 
of  propagation  remains  constant,  but  velocity  (V)  is  reduced  and 


where  u  is  the  magnetic  permeability  of  the  medium  and  <  is  its  dielectric 
constant  and 


/ylc  =  n  =— 
V 

where  n  is  the  index  of  refraction. 
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When  electromagnetic  wave  energy  encounters  a  surface  of  discontinuity 
in  refractive  index  in  a  medium,  the  wave  is  partly  refloated  and 
partly  refracted.*  The  angle  of  the  incident  ray  (0)  is  related  to  the  angle  of 
the  refracted  ray  (0')  by  the  equation: 


Sin  0  _n'  £2) 

Sin  0*  n 

where  0  and  6'  are  the  angles  of  incidence  and  refraction  respectively 
in  the  first  and  second  medium,  and  n  and  n'  are  the  values  of  the  re¬ 
fractive  index  for  the  first  and  second  medium  respectively. 

The  ray  is  always  refracted  towards  the  medium  of  higher  refractive 
index.  A  portion  of  the  energy  will  also  be  reflected  in  the  same 
plane  and  at  an  angle  equal  to  the  angle  of  incidence  if  the  energy  en¬ 
counters  a  sudden  change  in  the  refractive  index;  this  is  a  partial 
reflection.  Total  reflection  occurs  when  the  angle  of  incidence  ex¬ 
ceeds  a  critical  value  given  by  (with  n  <  n  ): 

1  2 


sin 


(3) 


In  the  atmosphere,  discontinuities  in  refractive  index  sharp  enough 
to  cause  reflection  of  the  incident  wave  back  to  the  radar  are  believed 
to  exist  on  occasion.  Because  of  the  difficulty  in  making  suitable  Measure¬ 
ments  of  the  physical  factors  involved,  some  uncertainty  attends  the 
understanding  of  this  mechanism  under  practical  conditions.  Detailed 
discussion  of  this  aspect  of  propagation  is  deferred  unti 1  later  where 
radar  'angels'  are  described.  In  the  present  context,  discussion  of 
the  effects  of  refractive  index  inhomogeneities  will  be  confined  to 
refraction. 


i 


*For  a  more  complete  discussion  of  atmospheric  refraction  of  electro¬ 
magnetic  rays,  see  Section  III,  Chapter  5  and  Section  VI,  Chapter  4/ 

Note,  however,  the  difference  in  the  factors  contributing  to  the  refractive 
index  at  radar  and  at  optical  frequencies. 
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Where  the  refractive  index  gradient  is  changing  continuously  as 
is  normally  the  case  in  the  natural  atmosphere  as  the  height  above 
the  earth's  surface  increases,  a  ray  of  electromagnetic  energy  will 
follow  a  curved  path.  The  change  of  direction  that  this  produces  may 
be  evaluated  by  reference  to  Snell's  law  by  the  expression 

n^(a  ♦  h)  cos  0  ■  n^s.  cos  go  (4) 

where  n^  is  the  refractive  index  at  height  h,  ns  is  the  refractive 
index  at  the  surface,  a  is  the  radius  of  the  spherical  earth,  0  is 
the  ray  elevation  angle  at  height  h  and  0o  is  the  ray  elevation  angle 
at  the  earth's  surface  (See  Fig.  7). 

A  most  important  consequence  of  this  is  that  the  effects  of  a 
vertical  gradient  of  refractive  index  are  most  apparent  at  loo 
(10°  or  lege)  angles  of  elevation. 

Where  the  refractive  index  gradient  is  constant  (n^  *  ng)  or  varies 
regularly,  the  curvature  of  the  path  of  rays  of  radar  energy  may  be 
readily  determined  by  reference  to  the  foregoing  expressions.  In 
more  complicated  conditions  more  sophisticated  techniques  are  available 
for  tracing  the  path  of  such  rays. 

In  terms  of  the  real  atmosphere,  at  radar  frequencies  the  re¬ 
fractive  index  varies  as  a  function  of  pressure,  temperature,  and  water 
vapor  content.  An  equation  relating  the  various  parameters  as  given 
by  Smith  (1953)  is: 

,  ..6  77. 6P  ♦  3.73  x  105e  (5) 

(n-1)  10  =  -  - = - 

T  T 

where  P  =  total  pressure  (millibars) 

T  =  absolute  temperature  (degrees  Kelvin) 
e  »  partial  pressure  of  water  vapor  (millibars) 

Wh**n  the  available  data  are  given  in  terms  of  relative  humidity, 
e  may  be  replaced  by  eg  R.H.,  where  eg  is  saturation  vapor  pressure 
at  the  pressure  and  temperature  of  interest  and  R.H.  is  relative 
humidity  expressed  as  a  decimal. 

For  convenience,  the  left  hand  side  of  the  equetion  is  commonly 
designated  N  (refractivity)  and  is  expressed  in  N-units,  i.e.,  N  =  (n-1)  106. 
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Values  of  N  are  conveniently  derived  from  meteorological  parameters 
by  the  use  of  tables  or  nomograms,  such  as  those  given  by  the  U.S. 

Navy  (1960) . 

At  sea  level,  a  typical  value  of  n  is  1.00035,  i.e.,  the  re¬ 
fractivity  is  350  N  units.  But  depending  upon  pressure,  temperature 
and  humidity  the  sea  level  refractivity  may  range  from  250  to  450  N  units. 

Since  pressure,  temperature,  and  water  vapor  normally  decrease 
with  height  the  refractivity  normally  decreases  with  altitude.  In  a 
'standard'  atmosphere,  typical  of  temperate  latitudes  (with  a  thermal 
lapse  of  2°C/1000  ft.  and  uniform  R.H.  of  6J%,  the  gradient  (lapse 
rate)  of  refractivity  is  12  N-units/1000  ft.  39  N.  km’1  in  the  lower 
levels.  For  a  constant  gradient  of  this  magnitude,  a  ray  will  have 
a  curvature  of  about  l/4th  that  of  the  earth's  surface  (the  radar 
horizon  in  this  case  is  about  15%  further  than  the  geometrical  horizon). 
For  short  distances  the  geometry  is  equivalent  to  straight-line  prop¬ 
agation  over  an  effective  earth  with  a  radius  4/3  as  large  as  the 
true  earth. 

A  device  frequently  used  to  facilitate  the  consideration  of  prop¬ 
agation  geometry  and  radar  coverage  takes  advantage  of  this  fact.  If 
a  fictitious  earth  radius  is  adopted  that  is  4/3  the  earth's  true  radius, 
radar  rays  in  the  standard  atmosphere  may  be  drawn  as  straight  lines, 
which  will  preserve  the  same  relationship  to  the  redrawn  earth's 
surface  as  is  the  case  in  reality. 

In  atmospheres  having  different  constant  gradients  of  refractivity 
appropriate  factors  may  be  applied  to  the  earth's  true  radius  to 
accomplish  a  similar  result.  Typical  values  ire  given  in  Table  5- 


1104 


Table  5 

Effective  earth  radius  for 
several  atmospheres 


Atmosphere 

-  .  ,  dN 

Typical 

Effective  earth  radius 
for  typical  dN 
dz 

Standard 

-12  N-units/1000  ft.; 

-39  km’1 

1.33  actual  radius 

Sub refractive 

+10(>  0);  +33  km-1 

0.82 

"Normal"* 

-15(0  to  -24);  -50  km'1 

1.47 

Superrefraction 

-30  (24-48);  -100  km' 

2.68 

Trapping 

-48  (or  greater) ; 

-157  km'1 

*  (or  negative; 

i.e.,  concave  earth) 

*For  an  average  temperate  zone  climate;  northern  climates  (e.g. 
England)  tend  to  be  "standard,"  tropical  climates  tend  to  be  near- 
superrefractive  (e.g.  -80  km’*). 
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It  is  important  to  recognize  the  limitations  of  this  device,  for 
even  in  standard  atmospheres  initially  horizontal  rays  rapidly  reach 
higher  atmospheric  levels,  at  which  the  refractivity  gradient  can  no 
.  longer  be  represented  by  the  same  constant.  Again,  as  will  be  discussed 
below,  atmospheric  conditions  frequently  depart  from  the  "standard" 
conditions.  The  effect  of  variation  in  the  refractivity  gradient  on 
the  curvature  of  radar  rays  is  shown  in  Fig.  8.  Apart  from  showing 
the  range  of  curvatures  in  atmospheres  having  constant  refractivity 
gradients,  this  figure  indicates  the  way  in  which  rays  can  be  deflected 
in  passing  through  atmospheric  layers.  More  specifically,  the  deflection 
of  a  ray  in  milliradians  (At)  in  passing  through  a  layer  with  constant 
N-gradient  is  given  by: 

,  nb  -  NI 

•  -  (7) 

500  (tan  8g  +  tan  8T) 

where  the  subscripts  B  and  T  refer  to  the  bottom  and  top  of  the  layer 
respectively.  The  values  of  £  are  determined  at  each  level  in  terms  of 
80)  Ng  (surface  refractivity))  (refractivity  at  height  h)  and  h, 
using  Snell’s  Law  (equation  4  ). 

Procedures  based  on  these  relationships  may  be  used  to  trace  the  path 
of  rays  to  determine  the  detailed  effect  of  refraction  on  radar  prop¬ 
agation  under  any  given  condition  of  atmospheric  stratification. 

The  broad  pattern  of  refractive  effects,  however,  is  as  follows: 

Where  the  general  refractivity  gradient  lies  between  0  N-units/1,000  ft 
and  24  N-units/1,000  ft.  (100  km  *)  propagation  is  described  as  normal. 
Refractivity  gradients  less  than  0  N-units/1,000  ft.  are  subrefraotive 
and  cause  upward  bending  of  radar  waves  with  a  reduction  of  distance  to 
the  radar  horizon.  Such  conditions  may  occur  where  the  temperature 
lapse  rate  is  well  above  average,  or  where  the  atmosphere  is  drier 
at  lower  levels  than  aloft. 

Where  the  refractivity  gradient  exceeds  24-N  units/ 1,000  ft. 
conditions  are  said  to  be  euperrefraotive  and  radar  waves  curve  down 
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FIG.  8  VARIATIONS  IN  CURVATURE  WITH  DIFFERENT 
REFRACTIVH  Y  GRADIENTS 
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more  strongly.  Such  conditions  result  from  thermal  inversions,  i.e., 
where  temperature  increases  with  height,  or  where  the  decrease  of 
water  vapor  content  with  height  is  excessive. 

For  refractivity  gradients  greater  than  48-N/1.000  ft.  (157  km  *) , 
the  ray  curvature  will  be  greater  than  that  of  the  earth's  surface  and 
trapping  is  said  to  occur. 

This  condition  gives  rise  to  marked  anomalies  in  propagation  and, 
provided  the  layer  through  which  such  a  gradient  occurs  is  deep  enough, 
the  radar  energy  will  be  guided  within  a  duct  bounded  by  the  earth's 
surface  and  the  upper  level  of  the  layer.  In  such  cases,  exceptionally 
long  detection  ranges  are  achieved,  well  beyond  the  normal  radar  horizon 
(See  Fig.  8).  Where  a  marked  negative  refractive  gradient  occurs 
in  a  layer  adjacent  to  the  ground,  a  surface  duct  is  formed  (Fig.  9a). 

An  elevated  layer  of  strong  negative  gradient  can  also  produce  ducting 
(Fig.  9b). 

Surface  ducts  are  commonly  caused  by  radiative  cooling  of  the  earth's 
surface  at  night,  leading  to  a  thermal  inversion  in  the  air  near  the 
surface.  In  this  case,  the  extreme  refractivity  gradient  is  mainly 
due  to  temperature  effects  and  such  ducts  can  occur  in  quite  dry  air. 

Where  humidity  at  the  surface  is  higher  than  usual  and  falls  off 
rapidly  with  height,  a  strong  negative  refractivity  gradient  is  also 
established.  Evaporation  from  water  surfaces  or  wet  soil  can  produce 
these  conditions  and  a  particularly  common  example  occurs  in  warm  dry 
air  from  the  land  when  it  is  advected  over  the  sea.  This  type  of  duct 
is  commonly  found  in  tropical  areas,  where  temperature  and  humidity 
both  decrease  with  height;  the  inversion  type  of  duct  is  more  common 
in  temperate  and  artic  areas  (Bean,  1966) . 

Elevated  layers  of  extreme  refractivity  gradient  are  caused  by  similar 
meteorological  mechanisms  but  often  occur  on  a  somewhat  broader  scale. 
Certain  areas  of  the  world  are  particularly  prone  to  such  layers;  the 
California  coastal  area  is  a  good  example.  Plate  66  (Blackmer,  1960) 
shows  an  example  of  the  P?I  during  a  trapping  situation  off  the  California 
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Coast.  In  this  case  echoes  were  presented  on  the  PPI  on  second  and 
third  sweeps  but  could  be  correlated  with  islands  and  mountainous 
terrain.  Elevated  layers  such  as  this  are  commonly  found  in  the  south¬ 
east  (northeast  at  S  latitudes)  quadrants  of  trade-wind  anticyclonic 
systems . 

The  anomalous  propagation  to  which  such  irregular  refractivity  con¬ 
ditions  give  rise  is  of  considerable  significance  to  the  problem  of 
target  identification  and  false  targets.  In  the  first  place,  the  whole 
basis  of  the  radar  technique  depends  upon  knowing  the  direction  in  which 
the  radar  energy  is  propagated.  For  normal  practice,  propagation  must 
be  close  to  rectilinear.  When  the  radar  energy  is  being  strongly  curved, 
information  on  a  target's  location  derived  from  the  position  of  the 
radar  antenna  can  thus  be  highly  erroneous.  Again,  echoes  may  be  re¬ 
ceived  from  the  ground  or  from  other  targets  that  are  not  normally 
within  the  range  of  the  radar  or  within  its  'field  of  view'  at  any 
given  antenna  elevation.  Ground  echoes  from  beyond  the  normal  radar 
horizon  are  cases  in  point. 

An  especially  significant  condition  arises  when  the  antenna  is 
elevated  in  a  direction  which  is  near  a  critical  angle  for  trapping  or 
ducting.  In  this  case,  while  much  of  the  energy  may  be  propagated  in 
a  direction  approximating  that  intended,  because  of  the  finite  dimensions 
of  the  radar  beam,  some  energy  may  be  severely  refracted.  This  is 
illustrated  diagrammatically  in  Figure  10. 

With  such  a  mechanism  an  aircraft  could  be  tracked  fairly  accurately, 
but  in  addition,  echoes  could  be  received  from  the  ground  (intermittently 
if  the  surface  reflectivity  or  propagation  conditions  are  variable  as 
might  be  the  case  in  areas  of  thunderstorms)  .  Such  echoes  would  be 
displayed  as  though  they  were  due  to  targets  seen  at  the  angle  of 
elevation  of  the  antenna,  and  thus  at  heights  which  would  depend  upon 
their  range.  A  great  variety  of  such  possibilities  can  occur  depending 
upon  the  geometry  involved,  the  refractive  conditions,  and  the  nature  of 
the  terrain. 
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The  range  of  possibilities  is  further  extended  if  the  distribution 
of  radar  energy  in  the  side  lobes  is  taken  into  consideration.  With 
a  side  lobes  strength  30dB  below  the  main  beam  (a  factor  of  1000  in 
power),  a  side  lobes  target  will  yield  a  return  equal  in  strength  to  the 
main  beam  return  of  an  identical  target  at  a  range  5.6  times  greater 
(the  4th  root  of  1,000).  Thus  a  target  detectable  at  100  mi.  in  the 
main  beam  might  be  detected  by  the  (first)  side  lobes  at  a  range  of 
up  to  18  mi . 

Anomalous  propagation  of  the  type  described  is  also  significant 
in  determining  the  distribution  of  energy  within  the  envelope  of  the 
main  beam,  particularly  in  broad  vertical  beam  systems.  At  low  angles 
some  energy  within  the  beam  impinges  on  the  earth's  surface  near  the 
radar  and  is  reflected,  still  within  the  envelope  of  the  beam.  Because 
the  path  followed  by  such  energy  is  necessarily  longer  than  the  direct 
path  and  because  of  the  wave  nature  of  the  energy,  in-phase  and  out-of¬ 
phase  interference  will  occur,  leading  to  a  vertical  lobe  structure 
in  the  beam  envelope  (see  Fig.  10  )•  Anomalous  propagation  conditions 
can  readily  produce  variations  in  the  normal  distribution  of  energy 
within  the  beam  due  to  this  mechanism  and  thus  can  easily  lead  to 
unexpected  variations  in  signal  intensity  from  distant  targets. 

It  is  important  to  recognize  the  difficulties  that  are  inherent  in 
establishing  whether  propagation  conditions  are  anomalous  in  certain 
cases.  Where  the  gradient  of  refractivity  extends  uniformly  over  large 
horizontal  areas,  there  is  little  difficulty  in  determining  the  situation 
either  from  conventional  meteorological  data  or  from  the  manifestation 
of  the  anomalous  performance  of  the  radar  itself  (for  example,  the 
detection  of  ground  clutter  to  abnormally  large  ranges) .  In  some  cases 
it  is  possible  to  infer,  with  some  confidence,  from  the  meteorological 
conditions  (especially  if  data  on  the  vertical  profile  of  temperature 
and  humidity  are  available)  that  anomalous  propagation  is  not  present. 

In  many  cases,  however,  the  causative  conditions  may  be  very  variable 
in  space  and  time,  and  it  is  then  difficult  to  be  at  all  confident 
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FIG. 10  DUCTING  OF  A  PORTION  OF  THE  RADAR  BEAM.  BOTH  SURFACE  AND 
ELEVATED  TARGET  ARE  DETECTED 


about  the  nature  of  propagation  at  an/  particular  time  or  in  any  p  ticular 
place.  Even  if  timely  radiosonde  data  are  available  from  a  nearby 
location,  the  information  they  provide  on  the  thermal  and  humidit- 
gradient  is  often  inadequate  for  the  assessment  of  .the  refractive  *n- 
ditions.  In  particular,  special  experimental  observations  have  s.  .1 
that  shallow  layers  of  abnormal  refractivity  comnonly  occur  eithei 
close  to  the  surface  or  at  various  levels  aloft. 

It  is  often  possible  to  infer  only  the  likelihood  or  improbability 
of  anomalous  propagation  conditions  by  reference  to  the  general  meteorological 
conditions  that  prevail.  Thus  one  would  expect  normal  propagation  in 
the  daytime  in  a  well-mixed,  unstable  airstream  with  moderate  winds 
over  a  dry  surface,  while  expecting  marked  superre fraction  over  moist 
ground  during  a  cal  a  clear  night  following  the  passage  of  a  front  that 
brought  precipitation  in  the  late  afternoon. 

Localized  conditions  favorable  for  superrefraction  are  also  caused 
by  showers  and  thunderstorms  (Ligda,  1956) .  The  cold  downdraft 
beneath  thunderstorms  can  cause  colder  air  near  the  surface  than  aloft 
while  evaporation  from  the  rain  and  rain-soaked  surface,  causes  locally 
higher  humidities. 

In  addition  to  the  detection  of  distant  ground  targets  by  re¬ 
fraction  of  the  radar  beam,  there  is  the  possibility  of  reflection  or 
foward  scatter  of  the  beam  to  ground  targets.  Whether  or  not  layers 
that  would  reflect  the  beam  to* the  ground  would  also  be  detected  by 
the  radar  has  been  part  of  the  controversy  concerning  the  nature  of 
invisible  targets  in  clear  air.  These  so-called  "angel"  echoes  have 
been  observed  since  the  early  days  of  radar  (Plank,  1956;  Atlas,  1959 
and  1964;  Atlas,  1966a).  Detailed  case  studies  of  selected  angel  sit¬ 
uations  illustrate  the  difficulty  of  determining  the  nature  of  the 
targets  causing  the  angel  echoes.  For  example,  Ligda  and  Bigler,  (1958)  discuss 
a  line  of  angel  echoes  coincident  with  the  location  of  c.  cloudless  cold 
front.  They  discuss  the  likelihood  that  the  line  was  due  to  differences 
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in  refractivity  between  the  two  air  masses  or  to  flying  debris,  leaves, 

paper,  small  twigs,  birds,  insects,  etc.,  carried  aloft  by  turbulQice 

during  the  frontal  passage.  Although  surface  weather  instruments  recorded  a  drop 

of  13*F  in  less  than  an  hour,  this  sharp  temperature  change  together  with 

the  change  in  both  vapor  pressure  and  atmospheric  pressure  did  not 

appear  to  be  sufficient  to  cause  gradients  of  refractivity  of  sufficient 

strength  to  produce  the  observed  echo  line.  In  spite  of  this  difference 

between  refractivity  gradients  based  on  surface  observations  (of 

pressure,  temperature,  and  moisture)  and  those  required  to  explain  the 

source  of  the  echcy  Ligda  and  Bigler  found  serious  objections  to  any 

hypothesis  other  than  that  the  echo  was  due  to  refractivity  gradients. 

They  mention  the  need  for  instruments  capable  of  measuring  sharp  refractivi  t  V 
gradients . 

Atlas  (1959)  studied  in  detail  a  situation  at  Salina,  Kans.  on 
10  September  1956  where  cellular  and  striated  echoes  covered  much  of 
the  PPI  to  ranges  of  85  mi.  He  concluded  that  the  echoes  were  due 
to  forward  scatter  from  a  patterned  array  of  refractive  index  in- 
homogeneities  to  ground  targets  and  back.  Recently  Hardy  and  Katz 
(1968)  discussed  a  very  similar  radar  pattern.  They  concluded  that  insects 
were  responsible  for  the  echoes  and  that  cellular  pattern  of  insects 
was  due  to  atmospheric  circulation.  Atlas  (1968c)  agreed  that  in¬ 
sects  may  be  responsible  for  some  echoes  but  that  the  forward  scatter 
explanation  is  valid  in  other  instances. 

Investigations  of  angel  echoes  with  high-power,  high-resolution 
radars  at  three  different  wavelengths  have  mad:  it  possible  to  learn 
much  about  the  nature  of  targets  producing  various  types  of  angel 
echoes.  Simultaneous  observations  at  3  cm.,  10.7  cm.,  and  71.5  cm.  with 
the  ultrasensitive  MIT  Lincoln  Laboratory  Radars  at  Wallops  Island,  Va. 
have  been  described  by  Hardy,  Atlas*  and  Glover  (1966) ,  Atlas  and 
Hardy  (1966a),  and  Hardy  and  Katz  (1968a).  They  found  two  basic  types 
of  angel  echoes:  dot  or  point  echoes  and  diffuse  echoes  with  hor¬ 
izontal  extent.  The  dot  angels  are  incoherent  at  long  ranges  or  when 
viewed  with  broad  beams  but  are  discrete  coherent  echoes  when  viewed 
by  a  radar  with  high  resolution.  They  may  occur  in  well  defined  layers 
and  may  have  movements  different  from  the  wind  at  their  altitude.  Their 
cross-sections  and  wavelength  dependence  are  consistent  with  radar  returns 
to  be  expected  from  insects.  Since  no  other  explanation  fits  all  the 
observations  of  these  dot  angels,  it  is  concluded  that  the  targets  are 
insects.  1114 
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Extensive  diffuse  echo  layers  have  been  noted  at  a  variety  of 
heights  and  sometimes  exhibit  an  undulation  or  wave  motion.  The  i 

height  of  these  layers  coincides  with  levels  at  which  refractive 
inhomogeneities  may  be  expected,  e.g.,  at  the  tropopause.  It  can 
be  shown  theoretically  (as  summarized  by  Hardy  (1968b)  that  the  | 

measured  radar  reflectivity  of  such  layers  accords  well  with  the  > 

l 

theory  of  the  scattering  of  electromagnetic  energy  by  dielectric 

inhomogeneity  due  to  Tatarski  (1966).  The  reflectivity  n  is  related 

2 

to  wavelength  X  and  the  coefficient  C  ,  which  describes  the  degree 
of  refractive  inhomogeneity  due  to  turbulence,  by  the  expression 

4 

„  .  0.39  Cl  X-1/3  (10) 

from  which  it  will  be  seen  that  such  layers  are  more  likely  to  be 
detected  by  radars  operating  at  shorter  wavelengths .  Although, 
because  this  simple  relationship  does  not  apply  in  the  dissipation 
range  of  the  turbulence  spectrum  the  largest  values  of  n  occur  at 
about  5  cm  (Atlas  1966b).  These  phenomena  have  been  much  studied 
recently  in  connection  with  the  detection  of  clear  air  tuxbulence. 

(Hardy,  1968b;  Ottersten,  1968:  and  Atlas,  1968b).  It  is  concluded 
that  such  turbulence  may  be  detected  with  ultra  high  performance 
radars  but  only  when  well  marked.  (Note  that  the  significant  physi¬ 
cal  feature  detected,  i.e.,  the  dielectric  inhomogeneities,  is  caused 
in  these  cases  by  the  turbulent  condition  of  the  atmosphere. ) 

Radars  of  the  type  normally  used  for  tracking  uid  surveillance  are 
unlikely  to  detect  such  layers.  On  thu  . thev  han^  H  has  been  sug¬ 
gested  that  on  occasion  at  low  levels  where  marked  intermixing  of  dry 
and  'noist  air  is  present,  dielectric  inhomogeneities  will  be  sufficiently 
marked  and  be  present  in  sufficient  quantity  to  produce  detectable 
echoes  v.ith  radars  of  relatively  modest  performance. 
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Measurements  made  by  Atlas  (1953,  1959)  and  others  indicated 

that  atmospheric  layers  occasionally  exist  having  power  reflection 

coefficients,  at  normal  incidence,  of  10"**  or  greater  (i.e.,  140  db 

attenuation).  The  power  reflection  coefficient  of  such  layers  would 

be  greatly  magnified  if  the  radar  energy  impinged  on  the  layer  at  a 

small  grazing  angle.  The  increase  is  roughly  proportional  to  the  6th 

power  of  the  cosecant  of  the  grazing  (i.e.,  elevation)  angle. 

Thus  at  a  grazing  angle  of  about  10  mrad,  the  reflected  signal  would 
~2 

be  as  high  os  10  (a  20  db  attenuation).  Under  actual  atmospheric  con¬ 
ditions  the  partially  reflected  signal  of  ground  objects  for  example, 
would  be  expected  to  be  detectable  only  at  grazing  angles  (and  thus, 
initial  elevation  angles)  low  enough  to  produce  return  signals  above 
the  noise  threshold  of  the  radar  receiver.  This  would  produce  a 
"forbidden  cone"  effect,  where  no  such  anomalous  signals  would  be  de¬ 
tected  closer  than  a  certain  range  (because  of  elevation  angle,  range 
relation  of  a  layer  at  a  constant  height);  this  has  been  actually 
observed  in  several  cases  (see  Section  III,  Chapter  5). 

It  is  conceivable  that  there  could  be  rare  occasions  when  only 
isolated  atmospheric  inhomogeneities  existed  or  when  the  inhomogeneities 
were  such  that  only  the  most  reflective  ground  targets  were  detectable. 
In  such  situations  only  one  or  two  unusual  ground  targets  would  appear 
on  the  PPI.  Levine  (1960),  in  a  discussion  of  mapping  with  radar, 
points  out  how  certain  combinations  of  ground  and  man-made  structures 
act  as  'comer  reflectors'  and  return  a  much  stronger  signal  to  the 
radar  than  is  returned  by  surrounding  features.  The  sides  of  buildings 
and  adjacent  level  terrain,  or  even  fences  and  level  terrain,  constitute 
such  reflectors.  He  states  that  in  areas  where  fences  and  buildings 
are  predominantly  oriented  north-south  and  east-west,  the  'glint'  echoes 
from  the  comer  reflector  effect  appear  at  the  cardinal  points  of 
the  compass  and  have  therefore  been  called  a  "cardinal  point  effect." 

In  addition,  different  types  of  vegetation  have  different  reflectivities 
and  these  vary  further  according  to  whether  they  are  wet  or  dry. 

From  the  above  discussion  it  is  obvious  that  the  identification 
of  targets  as  being  ground  return  due  to  forward  scatter  or  reflection 


1116 


is  difficult  in  any  but  the  most  obvious  situations.  Still  it  should 
be  realized  that  situations  do  occur  when  only  very  localized  areas 
of  ground  return  may  be  detected  and  due  to  the  detection  mechanism  the 
location  of  the  intersection  of  the  radar  beam  with  the  ground  may 
vary  from  sweep  to  sweep  of  the  radar  antenna.  The  problem  of  verifying 
whether  the  target  is  ground  return  is  greatly  complicated  by  the  fact 
that  measurements  of  refractivity  gradients  cannot  currently  be  made 
in  sufficient  detail  around  the  radar  site  to  describe  with  precision 
the  medium  through  which  the  radar  beam  is  being  propagated. 

Radio  Frequency  Interference 

During  the  past  15  years,  electromagnetic  compatibility  (EMC)  has 
emerged  as  a  new  branch  of  engineering  concerned  with  the  increasing 
problems  of  radio  frequency  interference  (RFI)  and  the  overcrowding 
of  the  radio  frequency  spectrum.  The  EMC  problem  is  increasing  so 
rapidly  that  considerable  engineering  efforts  are  included  in  the  design, 
development,  RFI  testing  and  production  of  all  new  electronic  equip¬ 
ment  from  the  electric  razor  and  TV  set  to  the  most  sophisticated  of 
electronic  equipments,  such  as  computer  and  radar  systems.  This  is 
true  for  entertainment,  civil,  industrial,  commercial,  and  military 
equipment.  The  problems  are  compounded  not  only  because  the  frequency 
spectrum  is  overcrowded,  but  much  earlier  generation  equipment,  which 
is  more  susceptible  to  and  is  a  more  likely  source  of  interference, 
is  not  made  obsolete  or  scrapped.  New  generation  equipment  is  potentially 
capable  of  interaction  problems  among  themselves,  as  well  as  playing 
havoc  with  older  equipment.  Each  year  sees  new  users  bringing  new 
equipment  into  the  frequency  spectrum:  such  as  UHF  television, 
garage  door  openers,  automatic  landing  control  systems,  city  traffic 
management  and  control  systems,  and  a  vast  array  of  new  electronic 
devices  being  introduced  into  tactical  and  strategic  defense  systems. 

RFI  contributes  to  the  information  displayed  on  radar  scopes.  It 
is  caused  by  the  radiation  of  spurious  and/or  undesired  radio  frequency 
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signals  from  other  non-associated  electronic  equipment,  such  as 
navigational  aids,  data  processing  computers,  voice  commun¬ 
ication  systems,  other  radars,  and  from  more  comnon  sources,  such  as 
ignition  and  electric  motor  control  systems.  RFI  can  also  be  emitted 
from  the  radar  system's  own  components,  causing  self-induced  inter¬ 
ference. 

Much  interference  may  be  sporadic,  producing  only  a  short  lived 
'echo.'  There  may  be  instances,  however,  when  the  interference  occurs 
at  regular  intervals  that  could  nearly  coincide  with  the  antenna  rotation 
rate  so  that  the  spurious  'echo'  might  appear  to  be  in  approximately 
the  same  position  or  close  enough  to  it  that  the  operator  would  assume 
there  was  a  target  moving  across  the  scope. 

Radio  frequency  interference  can  enter  the  radar  system  in  many 
places: 

(1)  In  the  transmitter  where  it  can  affect  the  stability  and 
fidelity  of  the  transmitted  output  pulse  waveform; 

(2)  In  the  receiver  local  signal-generating  and  amplifying 
circuitry  where  its  effects  can  be  similar  to  the  trans¬ 
mitter  perturbations; 

(3)  In  the  external  transmitter/receiver  space  link  where  the 
interference  effectiveness  depends  upon  its  intensity, 
frequency,  power  level,  direction  of  arrival  and  signal 
spectral  characteristics. 

External  interference  entering  on  the  link  through  the  antenna 
input  is  the  most  common  of  these  possible  interference  sources.  Plate  I? 
shows  some  of  the  more  easily  recognizable  radio  frequency  inter¬ 
ference  patterns  from  other  radar  systems.  This  type  of  interference 
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considerably  reduces  the  effectiveness  of  the  radar,  but  this  type  of 
interference,  taken  alone,  is  usually  readily  identifiable  by  operating 
personnel.  This  might  not  be  as  true  when  it  occurs  in  conjunction  with 
extraordinary  meteorological,  propagation,  and  equipment  degradation 
phenomena. 

The  photographs  in  Plate  66  are  time  exposures  of  the  PPI .  The 
camera  shutter  is  left  open  for  a  full  rotation  of  the  antenna  so  the 
photograph  is  generated  by  the  intensity  of  the  cathode  ray  tube 
electron  beam  as  it  rotates  with  the  antenna.  This  is  in  contrast 
to  an  instantaneous  photograph  that  would  be  brightest  whe^e  the  trace 
was  located  at  the  instant  of  exposure  and,  depending  on  the  persistence 
of  the  cathode  ray  tube,  much  less  bright  in  other  regions.  While 
the  interference  in  these  photographs  appears  as  lines  it  would  appear 
as  points  at  any  given  instant.  The  lines  are  generated  by  the  time 
exposure  as  the  points  move  in  or  outward  along  the  electron  beam. 

The  photographs  also  show  precipitation  echoes.  Examination  of  the 
photographs  shows  that  the  interference  does  not  mask  the  larger  pre¬ 
cipitation  echoes  to  any  appreciable  extent  but  might  mask  small 
point  targets. 

A  radar  receiver  has  a  limited  bandwidth  over  which  it  will  accept 
and  detect  electromagnetic  signals.  In  this  acceptance  band,  the  re¬ 
ceiver  reproduces  the  signals  at  the  receiver  output  and  displays  them 
on  the  radar  presentation  display.  Thus  any  interfering  signals  that 
fall  within  this  band  will  be  detected  and  displayed  by  the  very  sensitive 
receiver.  In  ai  S-band  (2ghz)  pulse  radar,  the  typical  bandwidth  of  the 
receiver  will  be  20  -  50  ghz.  Any  weak  signals  in  this  frequency  band 
will  be  detected.  Even  out-of-band  signals  can  interfere  if  they  are 
of  sufficient  signal  intensity  to  overpower  the  receiver  out-of-band  re¬ 
jection  characteristics.  For  instance,  a  very  strong  out-of-band  signal 
of  10  watts  might  be  typically  attenuated  by  the  receiver  preselection 
filter  by  60  db,  reducing  it  to  a  signal  of  -20  db.  To  the  radar  receiver. 
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this  can  still  be  a  powerful  signal,  as  it  might  have  a  sensitivity 
of  displaying  signals  as  weak  as  from  -50  to  -80  db  or  less.  It 
is  also  likely  that  the  out-of-band  interference  will  be  derived  from 
the  nonlinear  interaction  of  the  desired  return  signal  and  the  out-of- 
band  interfering  signal.  The  resulting  interaction  (mixing)  of  these 
signals  in  the  receiver  can  generate  still  weaker  intermodulation 
products  that  fall  within  the  passband  of  the  system  circuits  so  that 
they  are  displayed.  Spurious  responses  can  occur  at  other  than  the  fre¬ 
quency  to  which  the  radar  is  tuned  because  of  inadequacies  in  the  re¬ 
jection  of  the  unwanted  frequencies  in  the  receiver.  The  inadequacy 
is  caused  by  insufficient  out-of-band  filter  rejection  coupled  with 
a  high  level  of  RFI. 

Increasingly  more  powerful  transmitters  and  more  sensitive  receiver 
radar  systems  need  even  greater  relative  suppression  of  unwanted 
emission,  to  prevent  the  absolute  level  of  out-of-band  interference 
from  rising  to  intolerable  levels,  thus  causing  interference  to  and 
from  other  electronic  systems. 

Even  if  normally  operating  radars  are  not  affected  by  this 
interference  most  of  the  time,  the  degradation  of  the  radar  components 
or  of  nearby  systems  can  cause  the  temporary  increase  in  interference 
at  the  radar  site.  Radar  personnel  are  continually  concerned  with  this 
problem.  Such  acts  as  opening  an  electronic  cabinet  can  cause  the  local 
RFI  to  increase  sufficiently  to  create  an  RFI  nuisance  to  the  radar 
system. 

Each  radar  system  has  been  designed  to  fulfill  a  single  class 
of  target  tracking  function,  being  optimized  to  provide  proper  and 
reliable  target  data  a  high  percentage  of  the  time.  However,  all  systems, 
including  radar  systems,  have  their  limitations.  Thus,  it  must  be 
recognized  that  there  will  be  times  when  other  systems  will  interfere, 
component  parts  will  either  gradually  degrade  or  catastrophically  fail, 
propagation  and  meteorological  conditions  will  deviate  far  from  the 
normal  environment,  and  maintenance  and  operating  personnel  will 
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occasionally  fail  to  function  effectively.  For  all  radar  and  other 
electronic  systems,  an  increasing  amount  of  effort  is  expended  to  re¬ 
duce  the  occurrence  of  these  degradations  or  failures  and  to  min¬ 
imize  their  effects. 

Lobes  and  Reflections 

Because  of  radar  engineering  design  limitations,  it  is  not  possible 
to  direct  all  of  the  transmitter  energy  into  the  main  antenna  beam 
and  small  but  measurable  amounts  of  energy  are  transmitted  in  many 
other  directions.  Similarly,  energy  can  be  received  from  such  directions, 
in  what  are  known  as  the  side  lobes  of  the  antenna,  and  can  give  rise 
to  erroneous  directional  information.  Particularly  complicated  sit¬ 
uations  arise  when  side  lobe  problems  are  associated  with  building 
or  ground  reflection  mechanisms.  For  example,  if  a  radar  antenna 
is  radiating  100,000  watts  peak  power  in  the  main  beam,  100  watts  can 
be  simultaneously  radiated  from  a  -30  db  side  lobe  in  another  direction. 
Fig. 11  (adapted  from  Skolnik> 1962)  shows  a  radiation  pattern  for 
a  particular  parabolic  reflector.  Note  that  if  the  main  beam  is 
radiating  100  KW,  the  first  side  lobe,  the  first  minor  and  the 
spillover  lobe  radiate  about  100  watts.  This  100-watt  radiation  will 
be  reflected  from  large  targets  in  this  side  lobe  heading  but  will  be 
shown  on  the  PPI  as  having  the  same  bearing  as  the  main  beam  of  the 
antenna.  This  display  of  a  false  target  is  called  a  ghost.  In 
this  particular  instance  two  targets  having  identical  radar  cross- 
sections  would  appear  as  returns  of  equal  intensity  if  one  were  in 
the  main  beam  and  the  other  in  the  side  lobe  but  5.6  times  closer 
to  the  radar. 

Highly  reflective  targets  can  often  be  detectsd  in  the  side 
lobes.  Thus  a  single  large  target  detected  in  the  numerous  side  lobes 
can  be  displayed  in  a  number  of  places  simultaneously.  Since,  in  radar 
displays,  target  echoes  are  represented  as  being  in  the  direction  in 
which  the  antenna  is  pointing,  not  in  the  direction  from  which  the 
energy  is  returning  at  the  time  of  the  detection,  side  lobe  echoes  from 
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a  single  target  can  be  shown  as  a  collection  of  false  targets.  Such 
target  outputs  from  side  lobe  returns  are  generally  systematically 
located  in  the  display  relative  to  the  main  beam  return  signal.  There¬ 
fore,  in  general,  side  lobe  return  signals  are  readily  identifiable 
by  the  operator  and  will  tend  to  cause  obliteration  of  other  nearby 
target  returns.  Side  lobe  return  signals  usually  bear  a  fixed  re¬ 
lationship  of  adjacent  blips  on  an  arc  about  each  side  of  the  main 
target  return.  This  is  a  common  problem  in  ship  radars  where  another 
ship  is  being  scanned  broadside.  The  highly  reflective  ship  might 
have  a  return  signal  that  will  occur  at  the  true  range  of  the  ship, 
but  will  be  contained  in  an  arc  exceeding  10°  or  15°  instead  of  a  single 
narrow  blip. 

Detection  from  vertical  side  lobes  can  cause  strange  effects 
when  "radio  dusting"  is  present.  Many  radars  are  constructed  so  that 
the  antenna  cannot  be  pointed  at  very  low  elevation  angles,  in  order 
to  avoid  the  most  severe  anomalous  propagation  effects  or,  more  often, 
to  avoid  ground  reflections.  Assume,  for  example,  a  radar  with  a  beam 
width  of  (nominally)  1°,  having  a  minimum  at  say  1.5°  and  a  side  lobe 
at  2°.  Assume  also  that  the  antenna  is  constrained  to  elevation  angles 
of  1.5°  or  greater.  If  a  surface  duct  is  present,  the  strongest 
signals  would  be  attained  by  pointing  the  antenna  (and  the  main  beam) 
at.  an  elevation  angle  of  0°,  but  this  cannot  be  done.  However,  ducted 
targets  could  be  detected  with  the  first  (vertical)  side  lobe,  and  in 
this  case  the  maximum  AP  signals  (ducted)  would  be  attained  at  an 
apparent  elevation  angle  of  2°  (so  that  the  main  side  lobe  was  at  0°), 
and  the  intensity  of  these  false  target  signals  would  decrease  or 
even  disappear  if  the  antenna  were  lowered  to  its  minimum  setting  of 
1.5°.  This  sort  of  behavior  has  apparently  led  some  investigators  of 
specific  UFO  incidents  to  discount  the  possibility  of  anomalous  prop¬ 
agation  as  the  source  of  unknown  radar  targets. 

Smith  (1962)  discusses  the  effects  of  side  lobes  on  observed  echo 
patterns  during  thunderstorms  and  periods  of  anomalous  propagation.  In 
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both  situations  echoes  were  observed  extending  from  the  surface  up  to 
70,000  ft.  (the  upper  limit  of  the  RHI  scope).  Before  these  vertical 
protrusions  to  high  altitudes  were  observed  during  anomalous  prop¬ 
agation  conditions  when  the  echoes  were  known  to  be  from  ground  clutter, 
it  was  not  realized  that  they  were  from  side  lobes.  As  a  result,  the 
side  lobe  echoes  had  not  been  recognized  when  measuring  thunderstorm 
heights  and  reported  heights  were  much  too  great.  On  the  RHI  side 
lobe,  echoes  took  the  form  of  narrow  echo  protrusions  above  the  location 
of  strong  targets.  These  protrusions  were  often  segmented  due  to  nulls 
between  side  lobes,  but  in  some  cases  were  continuous. 

One  effect  of  such  lobes  is  that  when  the  antenna  of  a  search  radar 
is  elevated  (so  that  at  longer  ranges  no  ground  return  should  be 
evident)  ducted  side  lobe  radiation  results  in  echoes  on  the  PPI.  With¬ 
out  understanding  what  is  happening,  the  operator  would  logically 
assume  a  strong  target  at  high  altitudes. 

Angle  of  arrival  measurements  by  a  radar,  like  other  measure¬ 
ment  devices,  will  be  limited  in  accuracy  by  noise  and  interference. 

Other  limiting  factors  can  be  the  reflection  caused  by  the  wave  character¬ 
istics  of  electromagnetic  radiation.  Reflections  from  the  ground  in 
front  of  the  antenna  system  or  from  a  nearby  building  or  mountain  can 
be  minimized  by  proper  antenna  location.  These  effects  can  seldom 
be  reduced  to  zero  and  are  detrimental  to  an  extent  that  depends  on  the 
antenna  lobe  pattern,  geographical,  and  extraordinary  meteorological 
conditions,  thus  causing  residual  reflection  problems. 

Another  phenomenon  explaining  strange  and  erratic  radar  returns 
has  been  observed  with  echoes  occurring  at  locations  where  no  targets 
are  to  be  found.  Analysis  of  these  observations  shows  that  the  echoes 
are  from  ground  or  airborne  objects  which  are  being  detected  by 
radiation  reflected  from  mirror-like  plane  surfaces  of  vehicles  or 
buildings  in  the  neighborhood  of  the  radar.  If  the  reflector  is 
moving,  then  the  reflected  ground  target  behaves  like  a  moving  target. 
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It  changes  its  apparent  distance  and  direction  relative  to  the  radar. 
The  double  reflecting  return  echo  is  shown  in  the  PPI  display  in  the 
direction  at  which  the  first  reflecting  surface  is  found.  The  echo 
may,  however,  be  displayed  at  a  point  at  which  there  is  no  actual  tar¬ 
get.  Moving  objects,  such  as  automobiles  or  other  objects  capable  of 
reflecting  electromagnetic  waves  may  be  obscured  on  the  PPI  by  ground 
clutter  so  they  are  not  identified.  It  is  obvious  that  ghost  echoes 
can  show  movement  which  is  not  possible  with  real  vehicles.  Many 
unusual  PPI  observations  have  been  explained  in  this  manner. 

Mechanisms  of  multiple  reflections  which  serve  to  produce  ghosts 
are  illustrated  in  Fig.  \2  .  These  involve  specular  reflection  from 
the  first  target,  effectively  deflecting  a  significant  amount  of  radar 
energy  to  a  second  target  at  a  different  azimuth,  which  is  oriented  so 
as  to  reflect  most  of  the  radiation  incident  on  it.  Either  of  the  re¬ 
flecting  targets  can  be  stationary  or  moving  objects.  In  Fig. 12  the 
radar  is  at  the  point  labeled  "1."  A  reflector  is  a  point  "2"  and 
real  targets  are  at  the  points  labeled  "3."  Due  to  reflections  from 
the  reflector  to  the  targets,  ghost  echoes  will  appear  at  the  points 
labeled  ”4."  The  appearance  of  the  ghost  on  the  PPI  is  one  possible 
explanation  for  perplexing  unidentified  target  motions.  If  one  of  the 
two  reflectors  is  an  aircraft  and  undertakes  any  maneuvers,  the  path 
followed  by  the  ghost  is  especially  erratic.  As  viawed  on  a  PPI 
scope  perhaps  it  first  recedes  from,  then  "flies"  parallel  to,  and 
finally  overtakes  or  appears  to  collide  or  pass  the  real  aircraft. 

Pig- 13  (adapted  from  Levine  1960)  shows  the  outline  of  a  con¬ 
ventional  aircraft  surveillance  radar  PPI  (included  within  the  circle). 
The  solid  line  (A)  shows  the  return  echo  path  of  an  aircraft  traveling 
at  300  knots.  The  dashed  line  (B)  shows  the  echo  path  that  will  also 
result  when  sufficient  radar  energy  is  scattered  from  the  aircraft  to 
a  prominoit  ground  reflector  located  at  C,  and  then  reflected  back  to 
the  aircraft  and  then  to  the  receiver.  In  this  example,  the  aircraft 
is  the  first  of  the  reflectors,  so  that  the  phantom  echo  always  occurs 
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at  the  same  azimuthal  bearing  as  the  aircraft,  while  its  range  always 
exceeds  that  of  the  aircraft.  Consequently,  on  the  PPI,  the  path  of 
this  ghost  always  lies  outside  the  aircraft  path.  However,  if  the  air¬ 
craft  overflies  the  ground  object,  the  phantom  echo  and  the  aircraft 
echo  will  almost  merge.  In  addition,  as  the  apparent  range  of  the  phantom 
is  greater  with  the  same  radial  speed  as  the  aircraft,  the  apparent 
velocity  of  the  ghost  will  be  magnified  by  the  ratio  of  the  aircraft- 
to-phantoir  distance  from  the  radar.  The  phantom  can  appear  to  exceed 
2,000  knots  in  this  manner.  In  Fig. 13  the  ghost  is  moving  at  900  knots 
along  a  portion  of  the  ghost  track. 

Fig.  13  and  >:he  discussion  above  relate  to  the  case  when  the  air¬ 
craft  is  the  "  rst  of  two  reflectors.  For  the  conditions  with  the  ground 
object  as  the  first  of  the  two  reflectors,  the  phantom  echo  always 
occurs  at  the  same  azimuth  bearing  as  the  ground  object.  For  example, 
in  Fig. 14  (also  adapted  from  Levine,  1960)  the  solid  line  (A)  applies 
to  scattering  from  the  first  reflector  to  the  aircraft  and  back  to  the 
receiver.  The  inward  and  outward  r-  '*sions  of  this  path  actually 
occur  along  a  single  radial  line  the  radar  site  through  the  first 

reflector. 

In  any  actual  situation,  only  fractional  portions  of  the  ghost 
echo  paths  might  be  of  sufficient  signal  strength  to  appear  on  the 
display.  Those  particular  returns  that  are  closest  to  the  ground  object 
or  where  the  reflector  has  the  most  favorable  reflecting  properties 
will  most  likely  be  displayed.  In  a  radar  detecting  only  moving  tar¬ 
gets,  a  stationary  ground  object  might  not  appear  as  a  target  on  the 
scope.  Thus,  in  this  manner,  the  operator's  ability  to  correlate  ghosts 
to  a  reflecting  surface  is  considerably  reduced,  especially  when  many 
known  targets  are  on  the  display.  From  Figs.l3  and  14,  it  is  shown  that 
the  phantom  echo  fell  outside  the  display  and  then  returned  during  a 
later  portion  of  the  flight.  Thus,  if  only  portions  of  the  phantom 
track  are  a  detectable  signal,  and  if  (this  would  usually  be  the  case)  there 
are  several  targets  on  the  display  at  once,  the  operator  would  find 
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FIG.  14  TRACK  OF  GHOST  ECHO  CAUSED  BY  REFLECTION 
FROM  GROUND  REFLECTOR  TO  AIRCRAFT 
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it  very  difficult  to  discern  whether  the  phantom  was  real  or  ghost. 

He  is  concerned  about  the  erratic  behavior  of  a  target,  but  he  is 
most  concerned  by  the  potential  and  displayed  near-misses  to  known 
targets. 

In  general  doubly  reflecting  ground  targets  must  be  of  sufficient 
size  and  have  good  radar-reflecting  properties  to  serve  as  radar- 
reflectors.  Reflectors  can  be  moving  or  stationary.  Reflectors 
that  fit  this  description  include  sloping  terrain,  sloping  metal 
roofs,  metal  buildings,  nearby  ground  structures,  or  large  trucks 
and  trailers. 

Fig.  13  illustrates  the  possible  sporadic  nature  of  reflection 
echoes.  Plate  68a,  taken  when  stratiform  precipitation  was  occurring, 
documents  the  fact  that  there  is  a  sector  to  the  east  that  is  blocked 

i 

by  some  object.  Plate  68b  shows  normal  ground  clutter  plus  a  few 
probable  aircraft.  Plate  68c  shows  the  appearance  of  the  PPI  when 
anomalous  propagation  was  causing  more  extensive  ground  clutter.  In 
this  photograph  there  is  an  echo  in  the  sector  in  which  precipitation 
could  not  be  detected.  This  ghost  echo  was  found  to  be  produced  by 
reflection  from  the  object  causing  the  blocking  to  a  ground  target 
in  the  opposite  direction.  Plate  68d  shows  the  geometry  of  the 
situation.  The  line  labeled  "orientation  of  reflector"  was  found  by 
folding  a  large  tracing  of  the  ground  target  and  ghost  echo.  When 
folded  along  this  line,  there  was  near  perfect  correspondence  between 
the  two. 

More  complex  reflection  occurrences  require  a  rare  combination  of 
reflector/target  radar  geometry  and  reflectivities.  Analysis  indicates 
that  they  occur  occasionally.  However,  unless  accurate  data  are  re¬ 
corded  at  the  time  of  the  event,  ray  tracing  techniques  will  be  almost 
impossible  to  use  in  order  to  reconstruct  the  possible  circumstances. 

In  addition  to  phantoms,  caused  by  reflecting  objects,  other  types  of 
spurious  target  returns  can  be  occurring  at  the  same  time,  further  in¬ 
creasing  the  difficulty  of  analyzing  the  unusual  sighting.  Such  things 
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as  extraordinary  meteorological  conditions,  and  multiple- time -around 
echoes  can  also  be  contributing  effects,  making  the  analysis  that  much 
more  difficult.  When  interference  problems,  operator  interpretation, 
and  equipment  reliability  factors  are  included,  one  begins  to  realize 
that  the  explanation  of  reported  unusual  observations  requires  exten¬ 
sive  research  for  each  incident,  and  such  research  is  not  possible  un¬ 
less  all  pertinent  information  has  been  documented  in  detail. 

7.  Evaluation  of  Radar  echoes  to  Identify  Targets 

When  there  is  an  echo  on  the  PPI  of  a  search  radar,  the  operator 
must  determine  the  nature  of  the  target.  The  information  he  has  is 
relative  signal  intensity,  some  knowledge  of  fluctuation  in  intensity, 
position,  velocity,  and  behavior  relative  to  other  targets.  In  addition 
he  may  be  able  to  infer  altitude  if  he  is  able  to  elevate  the  beam  and 
reduce  the  gain  to  find  an  angle  of  maximum  signal  intensity.  Previous 
sections  of  this  chapter  have  briefly  described  a  number  of  targets  that 
search  radars  are  capable  or  detecting.  From  the  discussion  it  is 
apparent  that  there  is  overlap  in  the  characteristics  of  different 
types  of  targets.  Signal  intensities,  for  example,  range  over  several 
orders  of  magnitude.  Wind-borne  and  powered  targets  may  have  com¬ 
parable  ground  speeds  depending  on  the  wind  speed.  Many  different 
types  of  targets  show  echo  fluctuations.  Thus  there  is  no  specific 
set  of  characteristics  that  will  permit  a  given  echo  to  be  unambiguously 
identified  as  a  specific  target.  At  best  all  onr  can  do  is  say  that 
a  given  echo  probably  is,  or  is  not,  a  specific  target  based  on  some  of 
the  observed  characteristics. 

Target  Velocity 

Determination  of  the  direction  and  speed  of  an  echo  in  the  PPI  of 
a  search  radar  requires  some  assumptions.  A  long  range  search  radar 
antenna  generally  rotates  at  about  4-8  rpm.  At  6  rpm,  an  antenna 
rotates  through  360°  in  10  sec.  (=36°/sec)  .  If  the  horizontal  beam- 
width  of  the  antenna  is  3.6°  a  point  target  will  be  within  the  beam 
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for  0.1  sec.  as  the  beam  sweeps  past.  Then  9.9  sec.  elapse  until  the 
beam  again  sweeps  the  target.  If  on  this  next  revolution  there  is  an 
echo  in  the  general  vicinity  of  the  target  detected  on  the  previous  sweep 
the  operator  must  decide  whether  this  echo  is  from  the  same  target 
that  was  detected  previously  or  is  from  a  new  target.  If  he  assumes 
the  two  echoes  are  from  the  same  target,  he  can  then  compute  a  velocity. 
If  his  assumption  was  correct,  if  his  computations  are  accurate,  and 
if  the  target  is  at  the  indicated  locations,  the  computed  ground 
speed  is  correct.  If,  however,  the  two  echoes  are  not  from  the  same 
target  or  are  from  a  target  that  is  not  at  the  indicated  location,  then 
the  computed  speed  will  have  no  meaning. 

The  speed  computed  from  the  displacement  of  the  echoes  from  a 
target  at  the  indicated  location  represents  the  ground  speed  of  the 
target.  To  aid  in  the  identification  of  slow  moving  targets,  it  is 
necessary  to  determine  its  airspeed.  This  requires  knowledge  of  the 
wind  velocity  at  the  location  including  altitude  and  time  of  the  de¬ 
tection,  and  the  assumption  that  the  target  is  in  essentially  level 
flight.  It  is  often  difficult  to  determine  precisely  the  wind  velocity 
at  a  given  point  due  to  the  wide  spacing  of  stations  that  measure 
winds  aloft  and  the  six-hour  interval  between  observations.  Except 
in  complex  situations,  it  is  usually  possible,  however,  to  extrapolate 
measured  winds  for  a  given  location  with  sufficient  accuracy  to  deter¬ 
mine  whether  the  target  velocity  and  wind  velocity  have  sufficient 
similarity  to  justify  a  conclusion  that  the  target  is  probably  wind- 
borne.  Conversely  if  there  is  a  large  disparity  between  wind  velocity 
and  target  velocity  a  logical  conclusion  would  be  that  the  target 
could  not  be  windbome. 

When  an  echo  that  has  been  moving  in  an  orderly  manner  on  the  PPI 
s  .ddenly  disappears,  the  information  for  computing  its  speed  also 
disappears.  Any  attempts  to  guess  the  speed  would  require  the  operator 
to  make  specific  assumptions  of  the  reason  for  the  disappearance.  He 
might  assume  that  the  target  moved  out  of  range  during  the  brief  time 
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required  for  one  antenna  revolution.  Such  an  assunption  would  probably 
require  a  very  high  speed  target.  Or  the  operator  might  assune  that 
the  target  decreased  altitude  to  a  position  below  the  radar  horizon. 

If  the  target  was  located  close  to  the  radar  horizon,  an  altitude 
change  of  a  few  tens  of  feet  would  be  sufficient  for  it  to  disappear 
and  the  required  speed  (vertical  velocity)  would  be  quite  small. 

Target  Intensity  and  Fluctuations 

The  power  received  from  a  point  target  is  directly  proportional 

to  the  radar  scattering  cross-section  of  the  target  and  inversely 

proportional  to  the  fourth  power  of  the  distance  fron  the  radar  to  the 

target.  Therefore,  for  an  equal  signal  to  be  received  from  two  targets, 

a  target  10  mi.  from  the  radar  would  have  to  have  a  radar  cross-section 

10,000  times  as  large  as  a  target  at  1  mi.  Examples  of  targets  with 

differences  in  cross-sections  of  this  order  of  magnitude 

2 

are  birds  with  cross-sections  of  0.01  m  or  less  and  aircraft  with 

2 

cross-sections  of  up  to  100  m  Intensity  differences  such  as  these 
can  be  measured  (by  gain  reduction  to  threshold  of  detection),  but 
the  nature  of  display  systems  such  as  PPI's  is  such  that  differences 
are  considerably  reduced.  An  echo  on  the  PPI  is  composed  of  many 
small  dots  that  result  from  an  electron  beam  that  excites  the  coating 
on  the  face  of  the  tube  causing  it  to  emit  light.  The  coating  may  be 
designed  to  emit  light  only  when  the  electron  beam  excites  it  or  may 
continue  to  emit  light  for  some  time  after  the  excitation  has  ceased 
(persistence).  The  latter  is  usually  the  case  for  PPI’s  where  the 
operator  depends  on  persistence  to  see  the  360°  coverage  provided  by 
the  rotating  antenna.  Haworth  (1948)  states  that  from  ISO  -  200  spots 
can  be  resolved  along  the  radius  of  magnetically  deflected  radar  tubes. 
Gunn  (1963)  points  out  that  since  the  PPI  trace  lines  converge  at  the 
center  the  light  output  per  unit  area  of  the  tube  face  will  decrease 
with  increasing  radial  distance  from  the  center.  As  a  result  echoes 
near  the  center  are  'painted'  with  a  higher  intensity  than  echoes  of 
comparable  strength  anywhere  else  on  the  display.  These  characteristics 
of  the  display  system  act  to  conceal  further  the  relative  magnitudes 
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of  the  signal  intensity  cc  targets  at  different  ranges,  so  that  the 
operator  loses  much  of  the  available  radar  information  when  it  is 
displayed  on  the  PPI.  Fluctuations  are  smoothed  out,  and  the  intensities 
are  normalized  to  some  extent.  The  result  is  that  he  can  give  some 
information  on  an  unknown  target  in  comparison  ,/ith  a  known  target  at 
the  erne  range.  Positive  knowledge  of  the  nature  of  a  target  at  a 
given  range  can  only  result  from  auxilliary  data.  For  example,  if  the 
operator  is  in  contact  with  an  aircraft  that  is  over  a  given  point  and 
he  has  an  echo  at  that  point  he  will  logically  assume  the  echo  is  from 
the  aircraft  if  the  echo  is  moving  on  the  course  arid  at  the  speed  reported 
by  the  pilot.  He  could  then  compare  the  intensity  and  fluctuations  of 
other  targets  at  that  range  with  those  of  the  known  target  and  draw  some 
conclusions  as  to  whether  they  might  be  larger  or  smaller  than  the  aircraft. 

Behavior  Relative  To  Other  Targets 

Very  little  can  be  said  about  a  target  from  the  examination  of 
a  single  echo  but  some  information  can  be  obtained  by  comparing  the 
echo  with  other  echoes  on  the  remainder  of  the  PPI.  When  the  echo 
is  interpreted  in  terms  of  the  appearance  and  behavior  of  other  echoes 
a  logical  explanation  may  become  evident. 

For  example,  the  author  has  seen  isolated  targets  on  the  PPI 
that  were  moving  toward  the  radar  in  a  direction  opposite  to  that 
of  the  wind,  so  that  it  was  obvious  that  they  could  not  be  windborne. 

A  slight  elevation  of  the  antenna  caused  them  to  disappear  so  it  was 
apparent  that  they  were  at  low  levels.  No  attempt  was  made  to  send 
aircraft  to  the  vicinity  to  look  for  targets.  All  other  attempts  to 
interpret  the  nature  of  real  targets  on  that  half  of  the  PPF  that 
would  return  the  displayed  echoes  were  futile.  When  the  remainder 
of  the  PPI  was  examined  it  was  found  that  the  speed  of  a  line  of  thun¬ 
derstorms  moving  toward  the  station  was  the  same  as  that  of  the  echoes 
to  the  east.  The  direction  of  movement,  however,  was  the  same  as  that 
of  the  wind  and  not  opposite,  as  with  the  echoes  to  the  east.  Further, 
the  distance  to  the  thunderstorms  to  the  west  was  the  same  as  the 
distance  to  the  unknown  echoes  to  the  east.  With  this  additional  in¬ 
formation  it  seemed  likely  that  the  echoes  to  the  east  were  reflections 
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of  portions  of  the  thunderstorms  to  the  west.  The  obstacles  causing 
the  reflections  were  subsequently  identified  as  large  nearby  chimneys 
that  extended  only  slightly  higher  than  the  height  of  the  radar  so  that 
when  the  antenna  was  elevated  slightly  the  chimneys  were  below  the  main 
beam  and  no  longer  caused  reflections. 

Since  the  reflectors  (chimneys)  were  very  narrow,  the  reflection 
echoes  were  very  narrow  but  their  length  was  equal  to  the  diameter  of 
the  precipitation  area.  The  echoes  therefore  had  a  long,  narrow  (cigar¬ 
shaped)  appearance.  Since  the  apparent  lengths  in  some  cases  were 
10  -  15  mi.  they  were  not  mistaken  for  some  type  of  flying  vehicle. 

Although  the  solution  of  the  case  discussed  here  is  a  simple, 
and,  on  the  surface,  obvious  one,  it  does  demonstrate  the  necessity 
of  studying  the  entire  PPI,  not  just  one  or  two  odd  echoes.  The 
case  also  illustrates  how  echo  characteristics  become  distorted  when 
the  return  is  frcm  a  target  not  at  the  indicated  location.  The  long, 
narrow  shapes  of  the  reflection  echoes,  a  vertical  extent  of  only 
1°  -  2°  at  ranges  less  than  50  mi and  movement  against  the  wind  all 
tended  to  rule  out  precipitation  as  the  target. 

The  problem  of  identifying  reflections  is  very  difficult.  The 
simplest  case  is  where  the  reflector  and  reflected  target  are  both  fixed. 

The  reflected  echo  's  always  in  the  same  position  and  whether  it 

appears  or  not  dep  s  on  propagation  conditions  and  if  the  reflector 
is  of  limited  vertical  extent  on  antenna  elevation  angle. 

When  the  reflector  is  fixed  and  the  target  is  moving  the  reflected 

echo  also  moves  but  in  a  different  direction  than  the  true  target.  Still 
the  geometry  is  relatively  simple  and  the  reflected  echo  will  move 
toward  or  away  from  the  radar  along  a  radial  line  extending  from  the 
radar  across  the  reflector.  The  reflected  echo  will  appear  to  move 
toward  the  radar  when  the  distance  from  the  radar  to  the  true  target 
is  decreasing  and  away  from  the  radar  when  the  distance  from  the  radar 
to  the  true  target  is  increasing.  The  apparent  speed  of  the  re¬ 
flected  echo  toward  or  away  from  the  radar  corresponds  to  the  speed 
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of  the  true  target  toward  or  away  from  the  reflector.  This  is  not 
its  actual  ground  speed.  A  target  could  move  at  500  knots  along  a 
constant-distance  circle  from  the  reflector,  yet  the  reflected  echo 
would  be  stationary.  Only  if  the  target  moved  directly  toward  or 
away  from  the  reflector  would  the  reflected  echo  have  the  same  speed 
as  the  target;  but  the  speed  of  the  reflected  echo  can  never  exceed 
that  of  the  target. 

When  the  reflector  is  moving  and  the  target  is  stationary  (see 
discussion  of  Fig. 13)  the  reflected  echo  track  is  always  further  from 
the  radar  than  the  reflector  track.  The  reflection  echo  will  follow 
roughly  the  same  track  as  the  reflector  but  its  apparent  speed  may 
be  much  greater  depending  on  the  distance  between  the  reflector  and 
target.  When  the  reflector  is  far  from  the  target  the  apparent  speed 
of  the  reflected  echo  will  be  much  greater  than  the  true  speed  of  the 
reflector.  When  the  reflector  is  very  close  to  the  target  the  reflected 
echo  will  be  close  to  the  position  of  the  reflector  and  its  apparent 
speed  will  be  comparable  to  that  of  the  reflector. 

The  situation  where  both  the  reflector  and  the  target  are  moving 
is  very  complex.  The  apparent  speed  of  the  reflected  echo  will  depend 
on  the  relative  speeds  of  both  reflector  and  target.  When  the  re¬ 
flector  is  moving  slowly,  the  condition  of  a  stationary  reflector  will 
be  approached  but  not  quite  realized.  That  is,  the  reflected  echo 
will  have  a  maximum  apparent  speed  that  does  not  greatly  exceed  that 
of  the  target,  but  since  the  reflector  is  moving,  the  reflection  echo 
will  not  be  restricted  to  motion  along  a  single  radial  line. 

When  the  reflector  is  moving  rapidly  compared  to  the  target,  the 
result  is  similar  to  the  case  of  a  fixed  target,  that  is  the  reflected 
echo  track  approximates  the  reflector  track  but  its  apparent  speed 
will  be  greater.  When  the  target  moves,  the  track  correspondence  is 
not  as  good  and  the  reflected  echo's  apparent  speed  may  greatly 
exceed  that  of  the  reflector. 
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The  most  complex  cases  are  those  in  which  a  moving  reflector 
is  not  illuminating  a  single  target  but  may  show  a  different  target 
on  each  scan  of  the  radar.  In  these  cases  there  is  no  correspondence 
between  reflected  echo  track  and  reflector  track.  Speed  computations 
in  these  cases  are  erroneously  based  on  multiple  targets.  Attempts 
to  compute  a  speed  therefore  produce  values  that  can  vary  from  some 
very  low  speeds  to  thousands  of  knots. 

It  is  obvious  from  the  preceding  discussion  that  it  is  nearly 
impossible  to  identify  an  unknown  target  working  in  real  time  at 
the  PPI.  To  establish  that  an  unknown  is  a  reflection  echo  requires  a 
determination  of  whether  it  is  at  the  same  azimuth  as  a  reflector. 

Since  any  one  of  many  other  echoes  could  be  the  possible  reflector,  the 
geometry  would  have  to  be  applied  to  each  one  in  turn.  When  numerous 
echoes  are  on  the  PPI  this  is  impossible. 

Much  valuable  information  can  be  recorded  for  later  detailed 
study  by  photographing  the  PPI  with  a  radarscope  camera  during  each 
revolution  of  the  radar  antenna.  Later  the  films  can  be  studied, 
either  as  time-lapse  motion  pictures  or  frame  by  frame.  For  many 
yr  type  of  radarscope  photography  has  been  used  for  studies 

o£  r-  letectbd  precipitation  patterns  and  has  provided  insights 
into  r  c.vrolc^ical  phenomena  that  would  have  been  impossible  from 
subjective  verbal  descriptions  of  the  echo  patterns. 

Radarscope  photographs  of  the  PPI  have  all  the  limitations  of 
the  PPI  presentation  itself.  They  cannot  show  intensity  differences 
or  minor  intensity  fluctuations.  They  do  have  the  powerful  advantage 
of  making  it  possible  to  review  a  puzzling  echo  hundreds  of  times  at 
various  rates  of  viewing  and  to  study  the  appearance  and  behavior  of 
all  echoes  before,  during,and  after  the  episode.  Only  by  the  study 
of  radarscope  films  and  many  other  supporting  data  is  it  possible  to 
arrive  at  even  a  tentative  conclusion  that  a  given  echo  cannot  be 
explained. 
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8.  Conclusions 


Radar  is  a  valuable  instrument  for  detecting  and  ranging  targets 
that  are  not  visible  to  an  observer  due  to  darkness,  extreme  distance, 
intervening  rain,  cloud  cover,  haze,  or  smog.  Radar  can  also  detect, 
or  reflect  from,  atmospheric  discontinuities  that  are  not  visible  to 
the  eye.  The  echoes  of  real  targets  and  apparent  targets  that  result 
from  RFIj reflections ,  or  system  noise  may  on  occasion  produce  scope 
presentations  that  are  extremely  difficult  or  impossible  to  interpret. 

The  major  difficulty  is  that  while  radar  is  designed  to  beam  radiation 
in  a  specific  direction  and  detect  targets  within  a  specific  distance, 
it  does  not  always  do  so.  The  transmitted  radiation,  while  concentrated 
in  a  main  beam,  goes  out  as  well,  in  many  other  directions.  Fortions 
of  the  main  beam  and  the  lobes  may  be  reflected  in  other  directions 
by  nearby  objects,  by  solid  targets  a  considerable  distance  from  the 
radar,  or  by  layers  or  small  volumes  of  atmospheric  inhomogeneities. 

All  of  this  radiation  in  various  directions  is  refracted  by  atmospheric 
temperature  and  moisture  profiles  to  deviate  further  from  its  original 
path.  Portions  of  this  radiation  that  impinge  upon  any  of  a  wide 
variety  of  targets  are  reflected  back  along  a  reciprocal  path  and  pre¬ 
sented  on  the  PPI  as  if  they  were  at  the  position  determined  by  the 
antenna  elevation  and  azimuth,  and  the  time  required  for  the  most  re¬ 
cently  transmitted  pulse  to  travel  out  and  back.  Some  of  the  displayed 
echoes  will  represent  targets  at  the  indicated  locations.  Some  of  the 
displayed  echoes  will  be  from  targets  not  at  the  indicated  position, 
and  some  of  the  echoes  will  not  represent  targets  at  all,  but  will 
be  due  to  system  noise  or  RFI.  Since  radar  does  not  differentiate 
between  the  unique  characteristics  of  different  types  of  targets,  it 
is  impossible  for  even  the  most  experienced  radar  operator  to  look  at 
the  PPI  and  positively  identify  all  echoes  on  the  scope. 

Some  auxiliary  information  on  the  possible  nature  of  the  targets 
may  be  derived  from  the  study  of  the  appearance  of  the  PPI  on  successive 
antenna  revolutions  or  from  a  series  of  PPI  photographs.  These  successive 
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presentations  show  the  interpreter  apparent  motion  and  changes  in 
intensity.  This  additional  information  is  useful  but  still  does  not 
permit  positive  identification  of  the  target.  Only  such  generalizations 
may  be  made  as  that  the  target  appears  to  be  moving  at  250  knots  so 
it  cannot  be  precipitation,  birds,  or  a  balloon.  To  even  make  this 
generalization  the  operator  has  to  know  or  sake  some  assumptions 
about  the  probable  wind  speed  in  the  vicinity  of  the  apparent  target. 

The  data  presented  on  the  PPI  of  a  single  radar,  therefore,  do  not 
permit  the  operator  to  say  very  much  about  the  possible  nature  of  a 
target  displayed  as  an  echo  on  the  PPI.  Many  additional  data  are 
required  such  as  meteorological  conditions  between  the  radar  and  the 
apparent  location  of  the  target,  and  auxiliary  radar  information 
such  as  target  elevation  angle  and  the  bearing  of  the  target  from 
another  radar.  The  detection  of  a  target  at  the  same  location  by 
two  or  more  radars  with  different  characteristics  would  usually  rule 
out  multiple  trip  echoes,  reflections,  and  detection  by  side  lobes. 
Surveillance  by  more  than  one  radar  would  also  aid  in  establishing  con¬ 
tinuity  along  an  echo  track  if  the  rotation  rate  of  the  two  radars 
was  such  that  they  were  180°  apart  so  that  one  would  "see"  the  echo 
when  the  other  was  "looking"  18C°  from  it.  The  problem  of  determining 
speed  is  based  on  the  assumption  that  a  single  target  has  moved  a 
specific  distance  during  the  time  that  the  beam  is  not  aimed  at  it. 

In  many  cases  this  may  be  an  erroneous  assumption,  and  it  requires 
either  continuous  tracking  or  surveillance  by  numerous  radars  to  deter¬ 
mine  whether  only  a  single  target  is  involved. 

It  is  hoped  that  this  discussion  of  radar  has  convinced  the  reader 
that  radar  data  are  only  a  tool  to  be  used  in  conjunction  with  many 
other  bits  of  information  for  the  solution  of  various  problems.  Radar 
alone  cannot  specify  the  exact  nature  of  all  targets  especially  when 
it  was  probably  specifically  designed  to  detect  specific  target  types. 

It  can  only  provide  the  operator  with  some  generalized  information  about 
the  target  and  he  can  only  draw  some  general  conclusions  based  on  a 
number  of  assumptions  he  must  make.  If  he  makes  the  wrong  assumption, 
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he  will  come  to  an  erroneous  conclusion. 

This  does  not  mean  that  radar  could  not  be  a  useful  tool  in 
any  further  studies  of  the  UFO  problem;  it  simply  points  out  the  need 
for,  and  problems  of,  gathering  photographic  and  other  data  from  a 
numbei  of  different  types  of  radar  on  specific  incidents  before  the 
data  could  be  carefully  analyzed  and  interpreted  with  any  degree  of 
confidence . 
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Chapter  6 
Sonic  Boon 

William  B lumen 


1 .  Introduction 

Observers  of  unidentified  flying  objects  report  a  variety  of 
sound  effects  associated  with  the  phenomenon.  Some  report  sharp, 
explosive  sound  during  rapid  acceleration  or  high-speed  flight. 

Others  refer  to  humming,  whining  or  whirring  noise  while  the  UFO 
is  hovering  or  moving  at  relatively  slow  speeds  (Hall,  1964).  Still 
others  mention  whistling  or  swishing  sounds  suggestive  of  rushing  air. 

More  remarkable  than  any  of  the  foregoing,  however,  are  reports 
that  describe  the  UFO  as  moving  at  velocities  far  in  excess  of  the 
maximum  speed  of  sound  in  the  earth's  atmosphere  without  producing 
any  noise  or  shock  wave  that  would  normally  be  expected  under  such 
conditions  of  atmospheric  displacement.  No  characteristic  "boom" 
is  heard  in  these  instances. 

The  absence  of  a  sonic  boom  in  these  cases  remains  a  mystery. 
Possible  explanations  are  that:  a)  actual  speed  was  overestimated; 
b)  a  natural  atmospheric  effect  that  could  suppress  the  sonic  boom 
was  present;  or  c)  the  object  or  phenomenon  did  not  displace  the 
atmospheric  gases  through  which  it  was  passing  at  supersonic  speeds. 

In  this  chapter  we  shall  present  the  basic  concepts  involved 
in  the  production  of  the  sonic  boom  or  shock  wave  resulting  from 
the  passage  of  an  object  through  the  atmosphere  at  speeds  greeter 
than  that  of  sound  at  the  altitude  of  flight.  Natural  effects  that 
are  theoretically  capable  of  rendering  such  shock  waves  inaudible  at 
ground  level  will  also  be  discussed,  as  will  current  research  aimed 
at  suppression  of  sonic  booms  by  aircraft  design  modification  and 
other  means. 

In  general,  it  would  be  unrewarding  to  analyze  each  UFO  report 
in  conjunction  with  meteorological  data  to  determine  if  a  sonic  boom 
from  a  particular  object  flying  at  supersonic  speed  would  be  heard 
at  ground  level.  The  difficulties  are  two-fold:  first,  the  exist¬ 
ing  state  of  knowledge  concerning  meteorological  effects  on  sonic 
booms  is  sufficient  only  to  provide  information  in  terms  of  stati- 
tical  probabilities  (Roberts,  1967);  and  second,  local  meteorological 
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features  which  occur  between  weather  observing  stations  and/or 
which  occur  between  the  times  of  scheduled  observations  would  not  be 
observed. 

2.  Sonic  Boom  Generation 

Sound  wives  are  a  manifestation  of  the  compressibility  of  air. 

A  source  capable  of  compressing  air  produces  pressure  fluctuations, 
called  sound  or  compression  waves,  which  travel  through  the  atmos¬ 
phere.  The  peak^  and  troughs  of  the  waves  correspond  to  maxima  and 
minima  of  the  pressure  fluctuations.  The  leading  edge  of  the  wave 
or  wave  front  is  approximately  spherical  in  shape,  and  the  pressure 
disturbance  propagates  away  from  the  source  in  a  series  of  concen¬ 
tric  spheres.  The  speed  of  propagation  of  these  waves,  the  sound 
speed,  varies  with  the  temperature  and  pressure  of  the  air  through 
which  the  waves  travel.  The  maximum  value  for  speed  of  sound  waves 
is  generally  at  ground  level  and  reaches  about  760  mph .  The  sound 
speed  may  shew  considerable  variation  in  the  atmosphere,  alternately 
decreasing  and  increasing  with  altitude.  A  minimum  value  of  580  mph 
is  reached  at  approximately  50  miles  above  the  earth's  surface.  How¬ 
ever,  these  values  are  principally  a  function  of  altitude,  but  they  also 
vary  with  the  time  of  day,  season  and  latitude  and  longitude.  The 
following  are  approximate  average  values: 

Height  (feet)  Speed  of  Sound  (miles  per  hour) 

0  760 

10,000  735 

20,000  707 

30,000  679 

Pressure  disturbances  are  generated  wi  “never  a  body,  such  as 
an  airplane,  moves  through  the  atmosphere  and  displaces  the  air  around 
it.  In  subsonic  flight  the  speed  of  the  aircraft  is  less  than  the 
local  sound  speed  a;:d  the  wave  disturbances  propagate  away  from  the 
plane  in  all  directions.  These  pressure  variations  are  generally  weak 
and  too  slowly  varying  to  be  detected  by  the  ear  (Carlson,  1966). 
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Kix  aircraft  n  welling  at  supersonic  speeds  moves  faster  than  the 
pressure  disturbs  ^  *  it  iterates.  When  this  occurs  the  plane  is 
always  ahead  of  th*  wave  front  and  the  spherical  waves  emitted  at  suc¬ 
cessive  points  aJu-u  \'Sd  flight  path  become  tangent  to  lines  sloping 
backward  from  the  bow  of  the  plane.  These  lines  form  a  cone,  the  sur¬ 
face  of  which  is  '.he  sh-.vk  wave.  Shock  waves  are  formed  by  each 
protuberance  or  the  :*  s  exterior.  However,  with  distance,  the 
various  s hock  fronts  tehd  to  coalesce  into  two  large  shock  fronts, 
usually  attributed  to  'he  t  »w  and  to  the  tail  of  the  plane.  Fig.  la 
shows  hot*  the  fronts  tntersuct  level  ground  from  a  hypothetical  flight 
path  parallel  to  the  ground  surface  at  constant  sound  speed  and  with 
no  wind.  iV  indicated  &brv..p  pressure  rise  and  fall  is  responsible 
for  d.'  sonic  bourns  heard  at  the  earth’s  surface.  Two  booms  will  be 
heard  as  the  "bow"  and  "tali’  shocks  successively  pass  over  an 
observer  but  the  car  may  not  always  register  the  separate  shocks  when 
’.hey  are  of  different  inteu&t ' ies  (Carlson,  1966)  or  when  the  observer 
is  tax**n  by  surprise. 

The  ratio  of  aircraft  spe  id  to  the  sound  speed  at  its  altitude 
^  cillcd  the  Math  numbe  The  limiting  value  at  which  no  sonic  boom 
is  heard,  because  of  ataosp*-**-  c  effects,  is  called  the  cutoff  Mach 
i  miter  (Wilson,  f9ti).  v?  dies  made  by  k'ilson  (1962),  Kane  (1966)  and 
Robert?  (1%?)  h  ut-  estuk  '  i-hed  that  the  cutoff  Mach  number  ranges 
roughly  between  about  l.t-  '1  L.i  depending  on  atmospheric  conditions 
end  the  altitude  of  the  plane,  Ms  means  that  sonic  booms  produced 
by  objects  -wing  .'ban  1.'  times  the  sound  speed  should  be 

beard  at  ground  lew  i . 

7«i«  sne.ic  between  thv  shock  front  and  the  ground  becomes  smaller 
as  up.,  wi  coral' t  speed  in. /eases  rjghative  to  the  sound  speed.  In  this 
v, tLo.i  the  sonii  boom  rt*v  not  re  heard  at  ground  level  until  the 
p;..ae  has  pci  ed  from  view.  FilSCt  (1962)  has  estimated  that  the 
plane  may  be  a«  much  as  25  miles  away  from  the  point  on  the  ground 
where  the  sonic  boom  is  heard. 
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I  i  K •  la 

■  It*  >*  ►  WAV  I  s  i  rented  by  the  passage  through  the  air  of  a  supersonic  air- 
pl.tnr  ioalosce  into  two  large  cone-shaped  shock  fronts,  shown  here  in 
•  mis  section,  that  are  carried  along  with  the  airplane.  Fiach  front  is 
,i  i  «g  i  on  of  compressed  air  that  creates  a  distinct  "pressure  jump"  at  the 
ground.  Ihc  changes  in  atmospheric  pressure  are  heard  by  an  observer  as 
two  son i c  booms  in  succession. 
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Fig.  lb 

SONIC  BOOM  arises  because  a  supersonic  airplane  moves  faster  than  the 
pressure  disturbances,  or  sound  waves,  it  propagates.  A  stationary 
source  (left)  emits  spherical  sound  waves  that  move  outward  like  con¬ 
centric  ripples.  If  the  source  moves  at  less  than  the  speed  of  sound 
(middle),  waves  emitted  at  successive  positions  are  crowded  in  the  direction 
of  movement;  they  overtake  the  moving  source  and  "warn"  the  air  of  its 
approach.  But  disturbances  from  the  earlier  emissions  of  a  supersonic 
source  (right)  cannot  overtake  the  source,  which  arrives  without  warning 
and  creates  a  shock  wave.  The  spheres  become  tangent  to  the  sides  of 
the  shock  wave  cone. 
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3.  Atmospheric  Effects  on  Sonic  Boom  Propagation 

When  the  actual  wind  and  temperature  variations  that  occur  in 
the  atmosphere  are  taken  into  account,  the  simple  conical  pattern  of 
the  shock  front  may  become  quite  distorted.  The  sound  speed  generally 
decreases  with  altitude  between  the  ground  and  the  plane.  Therefore, 
as  a  propagating  shock  wave  descends  toward  the  ground,  the  portion 
of  the  wave  front  closest  to  the  earth  moves  faster  than  the  portions 
above.  If  the  sound  speed  decreases  sufficiently  rapidly  with  alti¬ 
tude,  the  wave  front  may  become  perdendicular  to  the  ground.  In  this 
situation  the  shock  never  reaches  the  ground  because  it  begins  to 
travel  parallel  to  the  ground  before  it  gets  there  (Carson,  1966). 
Physical  requirements  for  such  an  effect,  however,  are  unlikely, 
even  under  extremely  abnormal  atmospheric  conditions.  In  any  event, 
an  object  moving  through  the  atmosphere  at  any  altitude  parallel  to 
the  earth's  surface,  at  a  speed  greater  than  the  speed  of  sound  at 
ground  level  would  inevitably  produce  a  sonic  boom. 

The  decrease  of  sound  speed  with  altitude  also  affects  the  portion 
of  the  wave  front  that  spreads  out  to  the  sides  of  the  plane.  An  in¬ 
vestigation  of  the  effect  by  Kane  (1966),  under  conditions  of  no  wind, 
shows  that  the  lateral  extent  of  the  sonic  boom  at  ground  level  ranges 
from  about  10  to  35  miles  on  either  side  of  the  ground  track  of 
the  plane.  Furthermore,  the  intensity  of  the  shock  wave  will  be  dim¬ 
inished  as  it  spreads  out.  Consequently  the  boom  will  become  less 
intense  on  either  side  of  the  flight  track. 

When  wind  is  present,  the  wave  front  progresses  at  a  rate  which 
is  the  sum  of  the  sound  speed  and  the  wind  speed.  Therefore  the  effect 
on  the  wave  front  by  the  temperature  decrease  is  counteracted  if  a 
tail  wind  increases  with  altitude.  If  a  tail  wind  decreases  with  al¬ 
titude  the  distortion  of  the  wave  front  caused  by  the  temperature  var¬ 
iation  is  reinforced,  while  a  head  wind  produces  the  opposite  effect. 
The  situation  becomes  more  complicated  when  the  horizontal  variations 
of  wind  and  temperature  are  considered. 
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Other  atmospheric  features  could  produce  unusual  sonic  boom 
patterns  at  the  ground.  Among  these  are:  turbulent  air  motions  in  the 
lowest  few  thousand  feet  of  the  atmosphere,  the  type  of  clouds  present 
and  thei .  spatial  distribution,  and  temperature  inversions.  None  of 
these  meteorological  phenomena  have  been  studied  in  sufficient  detail 
to  produce  conclusive  results  about  their  effects  on  sonic  booms.  How¬ 
ever  preliminary  investigations  have  been  reported  (Roberts,  1967). 

4.  Design  Modifications  and  Maneuvers 

Although  various  government  agencies,  industrial  organizations 
and  university  research  projects  are  currently  engaged  in  seeking 
methods  to  reduce  sonic  boom  intensities,  all  known  practical  super¬ 
sonic  airplane  designs  will  produce  sonic  booms  (National  Academy  of 
Sciences,  1967).  Furthermore,  according  to  the  Academy  report,  "The 
possibility  that  unconventional  configurations  may  be  devised  which 
will  yield  significant  reductions  cannot  be  disallowed  but,  at  pres¬ 
ent,  the  future  must  be  viewed  in  terms  of  small  reductions  obtained 
through  better  understanding  of  theory,  design  refinements  of  conven¬ 
tional  aircraft  and  improvements  in  propulsive  efficiency  and  oper¬ 
ating  procedures."  Research  efforts  are  continuing  in  an  effort  to 
find  an  unconventional  design,  with  practical  aerodynamic  character¬ 
istics,  which  would  minimize  or  eliminate  the  sonic  boom. 

The  various  research  efforts  to  suppress  sonic  boom  intensities 
which  are  under  investigation  are  reviewed  below. 

The  pressure  distribution  at  ground  level,  shown  in  Fig.  la  and  lb 
is  the  so-called  "farfield"  signature.  The  shock  fronts  emanating 
from  protuberances  on  the  aircraft  have  little  effect  on  the  pressure 
pulse  at  ground  level.  The  sonic  boom  can  be  reduced,  but  not  nec¬ 
essarily  eliminated,  if  the  aircraft  climbs  at  subsonic  speeds  before 
making  the  transition  to  supersonic  speeds  at  high-altitude  cruising 
levels.  Optimization  of  the  arrangement  of  the  various  components, 
such  as  the  shape  and  position  of  the  wings,  may  lessen  sonic  boom 
intensity.  Long,  slender  and  blended  configurations  appear  to  offer 
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the  best  compromise  between  maximum  aerodynamic  performance  and  low 
sonic  boom  levels.  Reduction  of  the  peak  pressures  at  ground  level 
by  design  modifications  is  also  being  attempted,  ('or  example,  a 
"stretched"  design  would  alter  the  point  at  which  the  various  waves 
form  a  bow  and  tail  shock.  With  this  type  of  design  a  less  rapid  rate 
of  pressure  rise  would  be  produced  at  ground  level  and  conset|iu  nt  ly  a 
less  audible  boom  would  result  (McLean,  I960 ;  NAS,  190?)  . 

Aircraft  accelerations  and  m.iimiivers  at  various  altitudes  cause 
sonic  booms  of  varying  intensities  in  localize  regions  at  or  above 
ground  level.  It  is  possible,  during  common  flight  maneuvers,  to 
produce  local  pressure  buildups  which  may  he  more  than  twice  as  large 
as  those  produced  by  the  same  aircraft  in  level,  unaccelerated  flight. 
The  subsequent  "superbooms"  occur  at  isolated  points  at  ground  level 
in  contrast  to  the  ordinary  booms  that  move  with  the  aircraft.  Limi¬ 
tations  on  rapid  accelerations  and  maneuvers  would  reduce  the  intensity 
and  frequentv  of  "superbooms"  but  could  not  be  expected  to  suppress 
sonic  booms  altogether  (Maglieri,  1966). 

In  subsonic  flight,  pressure  disturbances  propagate  ahead  of  the 
aircraft  altering  the  airstream  in  such  a  way  that  abrupt  pressure 
changes  do  not  occur.  In  supersonic  flight  however,  pressure  Jis- 
trubances  cannot  propagate  ahead.  In  order  to  prevent  the  buildup 
of  a  shock  wave  in  supersonic  flight,  the  Northrup  Corporation  is 
currently  working  on  a  method  to  modify  the  airstream  through  an 
electromagnetic  force  field  concentrated  at  the  nose  of  the  aircraft. 
This  work  is  still  in  preliminary  stages  and  experiments  have  only 
been  undertaken  in  wind  tunnels  (Aviation  Keek  and  Space  Technology, 
1968)  . 

5.  Comments 

Although  sonic  boom  research  has  progressed  rapidly  since  the 
early  1950's,  the  complete  suppression  of  sonic  booms  at  ground  level 
by  means  of  present  technology  docs  not  appear  imminent.  Hi  i  s  does 
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not  mean  that  sonic  booms  are  always  heard  in  conjunction  with  super¬ 
sonic  flight.  Some  meteorological  factors  occasionally  could  reduce 
sonic  boom  intensities  or,  even  more  rarely,  prevent  sonic  nooms  from 
reaching  the  ground  at  all.  However,  the  reported  total  absence  of 
sonic  booms  from  UFOs  in  supersonic  flight  and  undergoing  rapid  ac¬ 
celerations  or  intricate  maneuvers,  particularly  near  the  earth's 
surface,  cannot  be  explained  on  the  basis  of  current  knowledge.  On 
the  contrary,  intense  sonic  booms  are  expected  under  such  conditions. 
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Chapter  ? 

Atmospheric  Electricity  and  Plasma  Interpretations 

of  UFOs 

Martin  D.  Altschuler 


Research  into  atmospheric  electricity  is  important  and  difficult. 
Although  many  aspects  are  now  becoming  clear,  much  remains  contro¬ 
versial  or  unknown.  Even  common  events,  such  as  the  thunderstorm  and 
the  lightning  flash,  continue  to  provide  fascinating  challenges 
to  science. 

Electric  fields  are  produced  by  clouds,  fog,  rain,  sleet,  snow, 
tornadoes,  dust  devils,  volcanos,  earthquakes,  meteors,  and  contaminants 
in  air.  On  mountains,  electrical  activity  often  becomes  intense. 
Ex|>erienced  climbers  can  tell  bizarre  stories  of  mountaintop  elec¬ 
tricity.  Researchers  themselves  have  often  been  astonished  at  nature's 
complexity.  Ball  lightning,  for  example,  although  witnessed  and  re¬ 
ported  many  times  in  the  past,  has  only  with  difficulty  been  estab¬ 
lished  as  a  genuine  scientific  problem.  Years  of  patient  effort 
were  required  to  distinguish  ball  lightning  from  retinal  ifter- 
images  and  optical  illusions.  In  view  of  the  numerous  manifestations 
of  atmospheric  electricity,  it  is  reasonable  to  try  to  determine 
whether  or  not  some  luminescent  UFOs  are  indicative  of  yet  another 
electrical  phenomenon  of  nature. 

Much  research  has  been  done  theoretically,  in  the  laboratory, 
and  in  the  field  that  bears  on  the  problems  of  atmospheric  electricity 
and  the  plasma  state  of  matter.  Here  we  emphasize  the  more 
unusual  (and  often  speculative)  aspects  of  these  subjects  and  their 
possible  correlation  with  descriptions  of  UFO  behavior.  People  who 
have  witnessed  unusual  electrical  phenomena  of  the  types  reviewed 
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in  this  chapter  are  invited  to  send  reports  to 
Dr.  Bernard  Vonnegut 
Earth  Science  Building,  Room  323 
State  University  of  New  York  at  Albany 
1400  Washington  Avenue 
Albany,  New  York  12203 
or  phone  them  to  518-457-4607  or  518-457-3898. 

The  author  thanks  Drs .  Sydney  Chapman,  John  Firor,  Sadami 
Matsushita,  and  J.  Doyne  Sartor  of  the  National  Center  for  Atmospheric 
Research,  and  Professor  Julius  London  of  the  Department  of  Ast rogeophys i es  , 
University  of  Colorado,  for  reviewing  portions  of  this  manuscript, 
for  informative  and  pleasant  discussions,  and  for  useful  references,  lie 
is  also  indebted  to  Dr.  Edmond  M.  Dewan  of  the  Air  Force  Cambridge 
Research  Laboratories  for  a  file  of  useful  reprints. 

1.  Definition  of  a  Plasma 

In  its  lowest  energy  state,  an  atom  contains  an  equal  number  of 
electrons  and  protons,  and  is  electrically  neutral.  By  gaining  or 
losing  electrons,  an  atom  or  molecule  can  acquire  an  electric  charge. 

A  charged  atom  or  molecule  is  called  an  ion.  If  some  of  the  atoms  of 
a  gas  become  ions,  the  gas  is  said  to  be  partial ly- ioni zed .  When  there 
are  enough  ions  or  electrons  to  affect  the  physical  properties  of  the  gas, 
the  gas  is  called  a  plasma.  Tlu  "plasma  state  of  matter"  refers  to  an 
ionized  medium. 

An  atom  may  become  ionized  by  (a)  absorbing  a  quantum  of  high 
cMiergy  electromagne e ic  radiation,  (b)  colliding  with  a  fast  particle 
(atom,  ion,  or  electron),  (c)  capturing  an  electron.  In  processes 
(a)  and  (b) ,  atoms  lose  one  or  more  electrons  and  become  positive  ions. 

In  process  (c),  atoms  gain  an  electron  and  become  negative  ions. 

Ibe  ionization  of  the  outermost  layers  of  the  atmosphere  (above  65  km) 
is  caused  primarily  by  the  absorption  of  solar  ultraviolet  radiation 
and  x-radiation  (process  (a)).  The  weak  ionization  in  the  lower  atmosphere 
is  largely  an  effect  of  cosmic  ray  particles  (mostly  fast  protons) 
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(process  (b)).  Free  electrons  in  the  lower  atmosphere  are  quickly 
captured  by  oxygen  molecules,  which  then  become  negative  ions  (process 

(c)>. 

When  large  electric  fields  are  present,  electrons  and  ions  are 
accelerated  to  high  velocities  in  short  distances,  and  may  acquire 
enough  kinetic  energy  to  ionize  neutral  atoms  upon  collision.  The 
new  charges  are  accelerated  in  turn  by  the  electric  field,  collide 
with  still  other  neutral  atoms,  and  produce  more  electrons  and  ions. 

The  ionization  of  a  neutral  gas  by  the  acceleration  of  a  few  electrons 
and  ions  in  a  large  electric  field  is  called  an  avalanche  process.  The 
avalanche  process  is  responsible  for  coronal  point  discharge  (St. 

Elmo's  fire),  lightning  flashes,  neon  and  fluorescent  lighting,  and 
Geiger  counters. 

Since  electrons  can  be  accelerated  by  high-frequency  electric 
fields,  ionization  is  sometimes  possible  in  the  presence  of  micro- 
waves.  High  temperature  shock  waves  surrounding  meteors  and  re¬ 
entering  space  vehicles  also  cause  ionization  in  the  atmosphere. 

When  a  free  electron  and  a  positive  ion  collide,  the  electron 
may  be  captured.  When  a  negative  and  a  positive  ion  collide,  an 
electron  may  be  transferred  from  the  negative  to  the  positive  ion. 

In  such  collisions,  called  recombination  processes,  ions  are  neutralized 
and  become  atoms  or  molecules.  In  the  lower  atmosphere,  plasma 
(such  as  that  created  in  a  lightning  flash)  is  rapidly  neutralized 
through  such  processes.  Radiation  may  be  emitted  during  recombination. 

2.  Occurrence  of  Plasma 

Probably  99%  of  all  the  matter  in  the  universe  is  in  the  plasma 
state.  Within  the  stars,  hydrogen,  helium,  and  the  other  abundant 
atoms  are  completely  ionized. 

The  visible  surface  of  the  sun,  called  the  photosphere,  is 
host  to  a  mysterious  plasma  phenomenon,  the  sunspot.  The  strong 
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magnetic  fields  which  emanate  from  sunspots  interact  with  the  Uasnui 
of  the  outer  solar  atmosphere.  As  a  consequence,  violent  events, 
known  as  solar  flares,  are  often  generated  in  regions  where  the  magi.cf  ic 
gradient  is  large.  During  a  solar  flare,  ions  and  electrons  are  ac¬ 
celerated  out  of  the  sun's  atmosphere  into  interplanetary  space.  Some 
of  these  fast  charged  particles  interact  with  the  earth's  magnetic 
environment,  and  contribute  to  short-wave  radio  blackouts,  auroras 
(Northern  and  Southern  Lights}.,  and  geomagnetic  storms. 

Basic  plasma  research  is  vital  in  many  technological  areas.  In 
the  field  of  communication,  problems  arise  in  connection  with  radio  and 
radar  transmission  through  plasma  regions  such  as  the  ionosphere  and 
the  ionized  sheath  surrounding  re-entering  spacecraft.  Laboratory 
efforts  are  under  way  to  control  the  reactions  of  nuclear  fusion  for 
power  generation.  If  successful,  present  experiments  may  lead  to 
efficient  sources  of  power  which  do  not  require  fossil  fuel  or  fission¬ 
able  materials.  In  the  field  of  space  technology,  engineers  are  de¬ 
veloping  low  thrust  ion  rocket  engines  to  propel  the  next  generation 
of  interplanetary  spaceships. 

3.  Plasma  Properties  of  the  Lower  Atmosphere 

The  lower  atmosphere  (below  60  km)  is  not  a  plasma  under  normal 

conditions.  In  every  cubic  meter  of  air  at  sea  level,  the  fair  weather 

25 

atmosphere  contains  roughly  3  x  10  electrically  neutral  molecules 

8  7 

and  only  about  5  x  10  ions.  About  10  ion  pairs  are  created  per 
cubic  meter  every  second  by  ionizing  radiation,  and  a  like  number  are 
neutralized  by  recombination  processes.  The  lifetime  of  a  light  ion 
is  several  hundred  seconds.  When  dust  particles  are  present,  light 
ions  are  rapidly  absorbed,  and  long-lived  heavy  ions  are  created.  Over 
land  at  ground  level,  gamma  rays  emitted  by  natural  radioactive  sub¬ 
stances  are  the  primary  cause  of  atmospheric  ionization.  Above  a 
few  hundred  meters  over  land,  and  everywhere  over  the  oceans,  cosmic 
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ray  particles  and  secondaries  are  the  major  source  of  ionization. 

In  the  lower  atmosphere  (below  60  km)  unattached  electrons  are  im¬ 
mediately  captured  by  oxygen  molecules. 

The  presence  of  even  a  few  ions  in  the  lower  atmosphere  means 
that  air  is  not  a  perfect  insulator.  An  electric  charge  placed  on 
a  metal  sphere  which  is  insulated  from  the  ground  and  suspended  in 
air,  will  leak  into  the  atmosphere;  the  higher  the  altitude  of  the 
sphere,  the  faster  will  be  the  leakage  of  electric  charge. 

Where  air  pollution  is  prevalent,  the  light  ions  are  collected 
on  heavy  dust  particles,  creating  heavy  less-mobile  ions.  The  electrical 
conductivity  of  polluted  air  is  often  ten  times  less  than  that  of 
clean  air. 

The  earth's  atmosphere  may  be  represented  as  a  leaky  dielectric 
medium  bounded  by  electrically  conducting  layers  (or  equipotentials) 
at  sea  level  and  at.  about  60  km  height.  Sea  level  is  taken  as  the 
zero  reference  or  ground  potential.  The  layer  at  60  km,  now  called 
the  electrosphere,  is  the  lowest  level  in  the  atmosphere  of  uniform 
electrical  potential.  This  article  deals  with  the  electrical  effects 
that  are  possible  in  the  lower  atmosphere,  where  UFO's  are  reported. 

4.  The  Fair  Weather  Electric  Field 

At  sea  level  in  fair  weather,  there  exists  an  average  electric 

field  of  about  130  volt/m  directed  downward.  The  potential  of  the 

electrosphere  is  about  300,000  volts  positive  with  respect  to  the 

earth's  surface.  The  earth's  surface  contains  over  its  entire  area 

a  net  negative  charge  of  5  x  10  coulombs  (or  10  *  coulomb/nT) .  An 

equal  positive  charge  resides  in  the  atmosphere  above  the  ground. 

Because  air  is  not  a  perfect  insulator,  an  electric  current  of  1800 
-12  2 

amp  (or  3.6  x  10  amp/m  )  flows  downward  (i.e.  positive  ions  migrate 
downward,  negative  ions  migrate  upward).  At  higher  altitudes,  the 
current  remains  constant  but  the  electric  field  decreases  as  the 
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electrical  conductivity  increases.  At  the  height  of  commercial  jet 
aircraft  (12  km),  the  electrical  potential  of  air  has  reached  90% 
of  the  p  tential  of  the  electrosphere  (i.e.  about  270,000  volts). 

This  indicates  that  most  of  the  positive  charge  resides  in  the  tropo¬ 
sphere  in  the  form  of  positive  ions. 

With  the  values  known  for  the  electrical  conductivity  of 
air,  the  negative  charge  on  the  earth's  surface  should  leak  away  in 
about  five  minutes.  To  maintain  the  negative  charge  on  the  earth's 
surface,  and  consequently  the  electric  field  of  the  lower  atmosphere, 
a  charging  mechanism  is  needed  which  acts  continuously. 

5.  Thunderstorms  and  the  Electric  Circuit  of  the  Atmosphere 

Thunderstorms  maintain  tne  fair  weather  electrostatic  field. 

Every  hour,  several  hundred  thousand  lightning  flashes  and  coronal 
point  discharges  transfer  negative  charge  from  the  bases  of  thunder¬ 
clouds  to  the  ground.  The  average  charge  transmitted  by  a  lightning 
flash  is  estimated  to  be  about  20  coulombs.  Positive  ions  also 
rise  from  the  tops  of  thunderclouds. 

Many  theories  have  been  proposed  to  explain  how  negative  and 
positive  charges  are  separated  in  a  thundercloud.  The  mechanism  must 

(1)  give  a  positive  charge  to  the  upper  part  of  the  cloud  and  a  neg¬ 
ative  charge  to  the  lower  part  of  the  cloud, 

(2)  provide  a  charge  separation  rate  of  several  amperes. 

It  is  generally  believed  that  as  precipitation  particles  fall 
they  acquire  negative  electric  charge.  Consequently,  negative 
charge  is  carried  to  the  bottom  of  the  cloud.  A  detailed  understand¬ 
ing  of  the  mechanisms  involved  in  transferring  charge  between  pre¬ 
cipitation  particles  (and  air  pollutants)  is  of  major  scientific 
importance. 

Strong  evidence  that  thunderclouds  act  as  batteries  for  the  at¬ 
mosphere  is  provided  by  the  dally  f luct uat 1 ons  In  the  fair  weather 
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electric  field.  Over  the  oceans  the  fair  weather  electric  field 
fluctuates  15  to  20%  about  its  mean  value,  and  reaches  a  maximum 
at  1900  Greenwich  Moan  Time  everywhere  over  the  earth  regardless 
of  the  local  time.  Smaller  secondary  maxima  occur  at  1500  GMT  and 
at  0700  GMT.  Much  of  the  earth's  thunderstorm  activity  occurs  in 
tropical  regions  during  midaftemoon  when  surface  heating  is  most 
apt  to  produce  strong  convection.  At  1900  GMT,  it  is  midaftemoon 
in  the  Amazon  basin;  at  1500  GMT,  if  is  midaftemoon  in  Africa;  at 
0700  GMT,  it  is  midaftemoon  in  Indonesia.  The  minimum  fair  weather 
field  occurs  at  0300  GMT  when  it  is  midaftemoon  in  the  middle  of 
the  Pacific  Ocean. 

If  each  thunderstorm  supplies  a  charging  current  of  1  amp,  there 
must  be  at  least  1800  thunderstorms  raging  simultaneously  over  the 
earth  at  any  one  time  to  maintain  the  fair  weather  electric  field. 

This  is  not  an  unreasonable  estimate.  It  seems  probable,  therefore, 
that  thunderstorms  are  the  prime  cause  of  the  earth's  electrical 
activity . 

6.  Properties  of  Lightning 

Current  surges  in  the  atmosphere  are  known  as  lightning.  Lightning 
limits  the  magnitude  of  the  electrical  dipole  of  a  thundercloud.  Only 

about  20%  of  all  lightning  flashes  are  between  cloud  and  ground. 

The  majority  of  flashes  occur  within  clouds.  Here  we  briefly  des¬ 
cribe  only  the  cloud-to-ground  event,  for  which  better  information 
is  available. 

What  appears  to  the  eye  as  a  single  lightning  flash  is  actually 
a  number  of  individual  charge  surges,  called  strokes,  recurring  in 
rapid  sucession.  A  flash  consists  of  between  one  and  forty  main 
strokes,  each  of  which  is  preceded  by  a  leader  stroke.  The  median 
number  of  strokes  in  a  lightning  flash  is  about  three. 
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When  electric  field  strengths  build  up  to  values  of  about  3  x  10^ 

volt/m  near  the  edge  of  a  cloud,  avalanche  processes  become  important. 

The  visible  lightning  event  begins  with  the  initiation  of  a  stepped 

leader  from  the  cloud  region  where  the  electric  field  is  most  intense. 

The  stepped  leaser  is  aconducting  channel,  perhaps  a  few  centimeters 

in  diameter,  which  is  at  essentially  the  same  potential  as  the  base 

of  the  cloud.  Consequently,  as  the  leader  progresses  downward  away 

from  the  cloud,  the  electric  field  (i.e.  the  potential  gradient) 

between  the  tip  of  the  leader  and  the  surrounding  air  continually 

increases,  so  that  further  ionization  becomes  easier. 

After  advancing  about  20  meters  (the  exact  distance  depending 

on  the  field  strength),  the  leader  pauses  for  about  50  microseconds, 

forges  ahead  another  20  meters,  stops  again,  and  so  on.  (It  is 

believed  that  the  ionization  of  the  air  immediately  ahead  of  the  stepped 

leader  is  initiated  by  an  avalanche  region  called  a  pilot  streamer.) 

The  stepped  leader  advances  downward  toward  the  ground  along  a  zigzag 

path  roughly  parallel  to  the  electric  field.  After  about  100  steps 

and  50  milliseconds,  the  stepped  leader  has  almost  traversed  the 

2  km  or  so  between  the  cloud  base  and  the  ground.  When  the  stepped 

leader  descends  to  about  20  meters  altitude,  it  is  met  by  a  positive 

streamer  from  the  earth.  (The  potential  difference  between  the  cloud 

8  9 

and  the  ground  may  reach  10  or  10  volts  before  a  lightning  flash). 

As  soon  as  the  conducting  channel  between  the  cloud  and  the  ground 

is  completed,  the  main  (or  ^tum)  stroke  begins.  In  less  than  10 

microseconds,  a  current  ot  about  20,000  amp  is  forcing  its  way  through 

a  conducting  channel  only  a  few  millimeters  in  diameter.  (The  maximum 

current  ever  recorded  in  a  lightning  flash  was  345,000  amp.)  On 

g 

the  average,  about  10  joules  (an  energy  equivalent  to  ’4  ton  of  TNT) 
are  released  in  the  flash  event. 

The  temperature  in  the  lightning  channel,  measured  spectroscopial ly, 
reaches  30,000°K  only  12  microseconds  after  the  passage  of  the  tip  of 
the  return  stroke,  but  decays  so  rapidly  that  it  falls  to  5,000°K  in  about 
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SO  nicroseconds .  If  thermal ization  is  achieved,  these  temperatures 
are  hot  enough  to  cause  considerable  dissociation  and  ionization  of 
air  molecules ,  Some  scientists  argue,  however,  that  thermal  temperatures 
never  exceed  a  few  thousand  degrees  Kelvin.  The  precise  time  variation 
of  the  thermal  temperature  is  important  in  estimating  lightning  damage 
by  acoustic  shocks. 

Magnetic  field  strengths  associated  with  lightning  are  in  the 

4 

neighborhood  of  1  tesla  (*  10  gauss),  so  that  the  plasma  pinch  effect 
is  probably  of  importance.  Possible  magnetic  effects  of  a  lightning 
stroke  have  been  considered  in  connection  with  ball  and  bead  lightning. 

After  the  first  leader  and  return  stroke,  the  lightning  flash 
may  continue  with  another  current  surge  along  the  same  conducting 
channel.  This  second  stroke  is  initiated  by  a  dart  leader,  which  ad¬ 
vances  continuously  (not  in  steps)  and  more  rapidly  than  the  stepped 
leader.  The  dart  leader  follows  the  main  channel  to  the  ground  and 
ignores  the  ungrounded  branch  channels  of  the  first  stroke.  When  the 
dart  leader  reaches  the  ground,  a  return  stroke  follows. 

Recombination  processes  work  rapidly  in  the  atmosphere.  Orly 
100  milliseconds  after  the  cessation  of  a  return  stroke,  the  lightning 
channel  is  no  longer  sufficiently  conducting  to  guide  a  dart  leader. 

The  lightning  flash  is  then  completed.  Another  stroke  from  the  same 
part  of  a  cloud  must  follow  a  completely  new  path,  one  created  by 
a  new  stepped  leader.  For  this  reason,  reports  of  ball  lightning 
lasting  as  long  as  a  few  seconds  were  discounted  or  considered  to 
be  afterimages  of  the  eye.  There  is  still  no  satisfactory  explanation 
for  long-lived  isolated  electrical  luminescence  in  the  atmosphere. 

7.  Ball  Lightning 

Among  the  most  mysterious  manifestations  of  atmospheric  electricity 
is  the  phenomenon  of  ball  lightning  or  Kugelblitz.  A  glowing 
ball  either  (1)  appears  after  a  cloud-to-ground  lightning  flash  and 
remains  near  the  ground,  or  (2)  is  first  seen  in  midair,  descending 
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from  a  cloud  or  arising  from  no  obvious  cause,  thereafter  remaining 
aloft  until  it  vanishes.  Collisions  with  aircraft  have  caused  verified 
damage,  indica*:ng  that  ball  lightning  is  not  restricted  to  ground 
level . 

Most  witnesses  report  that  ball  lightning  is  clearly  visible  in 
daylight  although  not  as  bright  as  an  ordinary  lightning  flash. 

Some  85°u  of  the  observers  agree  that  the  size  and  brightness  of 

the  ball  remains  roughly  constant  throughout  the  period  of  observation 

and  that  no  changes  occur  even  immediately  prior  to  its  disappearance. 

A  minority  report  brightening  and  color  changes  just  before  the  ball 
vanishes.  The  colors  red,  orange,  and  yellow  are  most  common,  but 
most  other  colors  are  seen  occasionally.  Some  researchers  believe 
that  blue  or  blue-white  Kugelblitz  is  associated  with  higher 
energy,  although  there  is  no  statistical  basis  for  such  an  assertion. 

The  reported  diameters  of  Kugelblitz  range  between  5  and  80  cm  with 
a  median  of  about  30  cm.  One  survey  lists  three  complexions  of  ball 
lightning:  (1)  a  solid  appearance  with  a  dull  or  reflecting  surface, 
or  a  solid  core  within  a  translucent  envelope,  (2)  a  rotating  structure, 
suggestive  of  internal  motions,  (3)  a  structure  with  a  burning  appearance. 
The  last  type  seems  most  common.  About  1/3  of  the  witnesses  detect 
internal  motions  or  rotation  of  the  ball  itself,  although  this  may 
depend  on  the  distance  of  the  observer. 

A  majority  of  onlookers  report  the  motion  of  the  ball  to  be 
slow  (about  2  meters/sec.)  and  horizontal,  with  no  apparent  guidance  by  the 
wind  or  by  the  ground.  Gne  in  six  obseivers  report  speeds  in  excess 
cf  25  m/sec.  Several  reports  do  indicate  some  guidance  from  telephone 
or  power  lines  and  by  grounded  objects.  An  odor  of  brimstone 
(burning  sulfur)  is  often  reported  by  nearby  observers,  especially 
at  the  time  of  decay. 

The  median  lifetime  of  ball  lightning  is  roughly  four  seconds,  with 
10o«  reporting  over  30  seconds.  Determination  of  lifetime  is  difficult 
because  (1)  subjective  time  during  an  exciting  event  is  often  in  error, 
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and  (2)  few  observers  see  a  ball  from  the  time  it  is  created  until  the 
time  it  disappears.  In  any  case,  since  an  ordinary  lightning  channel 
can  remain  electrically  conducting  for  only  0.1  second,  a  10  second 
lifetime  is  two  orders  of  magnitude  beyond  expectation. 

Not  long  ago,  considerable  scientific  discussion  ensued  on  the 
question  of  whether  ball  lightning  is  a  real  phenomenon.  Scientists 
believed  that  ball  lightning  could  be  (1)  a  retinal  afterimage  of 
a  lightning  flash,  (2)  an  intense  coronal  point  discharge  near  a 
lightning  target  below  a  thundercloud,  (3)  some  burning  or  incan¬ 
descent  material  thrown  from  the  impact  point  of  a  lightning  bolt. 

Today  most  researchers  believe  that  Kugelblitz  is  a  genuine  electrical 
effect.  A  recent  survey  indicates  that  ball  lightning  may  be  ex¬ 
tremely  commonplace,  but  that  the  observer  must  be  relatively  close 
to  the  ball  to  be  able  to  see  it.  Kugelblitz  is  probably  invisible 
or  indistinguishable  in  daylight  at  distances  greater  than  40  meters, 
which  would  explain  why  it  is  incorrectly  believed  to  be  a  rare  phenomenon. 

The  median  distance  between  an  observer  outdoors  and  ball  lightning 
is  30  meters.  Sometimes  ball  lightning  floats  through  buildings. 

The  median  distance  between  indoor  observers  and  ball  lightning  is  only 
3  meters.  The  reported  distance  of  the  observer  seems  to  be  closely 
correlated  with  the  reported  size  of  the  ball.  A  more  distant  observer 
is  (1)  less  likely  to  notice  luminous  balls  of  small  diameter,  and 
(2)  more  likely  to  misjudge  the  diameter.  The  second  difficulty  is 
somewhat  mitigated  since  in  most  cases  of  ball  lightning  terrestrial 
landmarks  can  be  used  for  reference  in  estimating  distances  and  sizes. 

On  the  other  hand,  estimates  of  the  distance  and  size  of  a  luminous 
sphere  seen  against  the  sky  can  be  quite  inaccurate. 

In  one  report,  a  red  lightning  ball  the  size  of  a  large  orange 
fell  into  a  rain  barrel  which  contained  about  18  liters  of  water. 

The  water  boiled  for  a  few  minutes  and  was  too  hot  to  touch  even  after 
20  minutes.  Assuming  (1)  that  the  water  temperature  was  initially  20°C, 

(2)  that  1  liter  of  water  evaporated,  and  (3)  that  17  liters  were 
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raised  to  90°C,  one  needs  roughly  8  x  10  joules  of  energy  (equivalent 
to  2  kg  of  TNT).  For  a  ball  10  cm  in  diameter  (the  size  of  a  large 

q  3 

orange),  the  energy  density  is  then  5  x  10'  joule/m  .  But  if  all  the 

air  in  a  volume  were  singly-ionized,  the  energy  density  would  be  only 
8  3 

1.6  x  10  joule/m  .  Both  the  energy  content  and  the  energy  density 
of  ball  lightning  as  derived  from  the  singular  rain  barrel  obser¬ 
vation  seem  incompatible  with  the  non-explosive  character  of  most 
Kugelblitz.  Although  many  lightning  balls  emit  a  loud  explosive  (or 
implosive)  noise  upon  decay,  effects  characteristic  of  the  release 
of  energies  of  the  order  of  2  kg  of  TNT  have  rarely  been  reported 
(understandably  if  the  observer  was  within  3  meters).  Moreover, 
explosive  or  implosive  decays  have  been  noted  indoors  with  no  apparent 
heat  or  damage  to  nearby  ceramic  objects.  Nevertheless,  there  are 
enough  wel 1 -documented  cases  of  extremely  high  energy  Kugelblitz 
to  make  the  water  barrel  report  very  believable.  Probably  there  is 
a  wide  range  of  possible  energies  for  a  lightning  ball,  with  the  vast 
majority  of  Kugelblitz  possessing  energy  densities  less  than  that  of 
singly-ionized  air.  The  minimum  possible  energy  of  a  lightning  ball 
is  that  required  to  illumine  a  sphere  about  25  cm  in  diameter  with  the 
brightness  of  a  fluorescent  lamp.  With  10%  efficiency,  this  means  a 
source  of  250  watts  for  4  sec.,  or  about  1000  joules  of  energy.  We 
can  only  conclude  with  certainty  that  the  energy  of  a  lightning  ball 
lies  somewhere  between  10^  and  10^  joules. 

Theoretical  efforts  have  focused  on  the  energy  estimate  of  the 
rain  barrel  observation.  To  maintain  a  fully-ionized,  perhaps 
doubly-ionized  mass  of  air  requires  either  (1)  a  large  amount  of  energy 
concentrated  in  a  small  volume  and  shielded  from  the  surrounding  air 
by  a  remarkably  stable  envelope,  or  (2)  a  continuous  energy  flow  into 
a  small  volume,  presumably  by  focusing  power  from  the  environment. 

Theories  which  attempt  to  bottle  fully-ionized  plasma  by  magnetic 
fields  or  magnetovortex  rings  are  faced  with  severe  stability  problems. 
There  is  no  known  way  to  contain  plasma  in  the  atmosphere  for  as  long 
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as  a  few  seconds.  Moreover,  a  fully-ionized  plasma  ball  would  be 
hotter  and  probably  less  dense  than  the  surrounding  air,  so  that  it 
would  tend  to  rise  rather  than  descend  or  move  horizontally.  Chemical 
combustion  theories  cannot  explain  the  high  energy  content  or  the  re¬ 
markable  antics  of  the  ball.  Nuclear  reactions  would  require  an 
electric  potential  of  at  least  10  volts  between  the  center  and  surface 
of  the  ball,  and  a  mean  free  path  for  the  ions  as  long  as  the  potential 
gap.  This  situation  seems  unlikely,  and  faces  similar  problems  of  stabil¬ 
ity. 

Theories  which  depend  on  an  outside  source  of  energy  such  as 
microwaves  or  concentrated  d-c  fields  cannot  explain  how  ball  lightning 
can  survive  indoors . 

If  energies  as  high  as  several  megajoules  are  not  required,  we 
can  try  other  hypotheses .  One  suggestion  is  that  the  lightning  ball 
is  a  miniature  thundercloud  of  dust  particles,  with  a  very  efficient 
charge  separation  process.  Continuous  low  energy  lightning  flashes  are 
illuminating  the  cloud.  Another  idea  is  that  a  small  amount  of  hydro¬ 
carbon,  less  than  that  required  for  combustion,  is  suddenly  sub¬ 
jected  to  strong  electric  fields.  The  hydrocarbons  become  ionized  and 
form  more  complex  hydrocarbon  molecules  which  clump  together.  Eventually 
there  is  enough  combustible  material  in  the  center  to  allow  a  burning 
core.  If  the  concentration  of  hydrocarbon  decreases,  the  ball  dis¬ 
appears!  if  the  concentration  increases,  the  ball  ignites  explosively. 
(This  represents  the  swamp  gas  theory  for  ball  lightning). 

Much  depends  on  a  reliable  energy  estimate  for  the  Kugelblitz. 

If  the  energy  is  as  high  as  indicated  by  the  water  barrel  report,  we 
have  a  real  dilemna.  At  present  no  mechanism  has  been  proposed  for 
Kugelblitz  which  can  successfully  explain  all  the  different  types  of 
reports.  Probably  several  completely  different  processes  can  produce 
luminescent  spheres  in  the  atmosphere. 

We  conclude  this  section  with  summaries  of  several  eyewitness 
reports  of  Kugelblitz. 
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The  first  few  cases  concern  aircraft. 

1.  A  commercial  airliner  (LI-2)  was  struck  by  ball  lightning  on  12 
August  1956  while  flying  in  the  lower  Tambosk  region  of  the  USSR.  Before 
being  struck,  the  aircraft  had  been  flying  at  3.3  km  altitude  through 

a  slowly  moving  cold  front  which  contained  dense  thunderclouds.  During 
a  penetration  of  one  thundercloud,  where  the  air  temperature  was  about 
-3°C,  the  crew  saw  a  rapidly  approaching  dark  red  almost  orange  fire¬ 
ball  25  to  30  cm  in  diameter  to  the  front  and  left  of  the  aircraft. 

At  a  distance  of  not  more  than  30  to  40  cm  in  front  of  the  nose,  the 
ball  swerved  and  collided  with  a  blade  of  the  left  propeller,  exploded 
in  a  blinding  white  flash,  and  left  a  flaming  tail  along  the  left 
side  of  the  fuselage.  The  sound  of  the  explosion  was  loud  enough 
to  be  heard  over  the  noise  of  the  engine.  No  substantial  damage 
could  be  found.  One  of  the  left  propeller  blades  had  a  small  fused 
area  4  cm  along  the  blade  and  less  than  1  cm  in  depth.  Around 
the  damaged  region  was  a  small  area  of  soot,  which  was  easily  wiped  off. 

2.  In  1952,  a  T-33  jet  trainer  was  flying  near  Moody  AFB  in  Georgia. 
Because  of  a  thunderstorm,  the  pilot  was  told  to  proceed  to  Mobile, 

Ala.  As  the  T-33  rolled  out  onto  a  westerly  heading  at  4  km 

altitude,  it  collided  with  a  "big  orange  ball  of  fire"  that  hit  the 
nose  head-on.  The  jolt  was  such  that  the  student  pilot  believed  there 
had  been  a  midair  collision  with  another  aircraft.  The  low  frequency 
radio  compass  no  longer  functioned,  and  they  had  to  receive  radio 
guidance  to  another  base.  On  examination  of  the  aircraft,  they  did  not 
find  a  single  mark  or  hole.  The  only  damage  was  to  the  radio  compass 
unit  in  the  nose  of  the  T-33  which  was  practically  melted  inside 
and  was  rendered  useless.  After  the  radio  compass  was  replaced,  every¬ 
thing  functioned  normally. 
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3.  Another  pilot  distinguishes  ball  lightning  from  balls  of  St. 

Elmo's  fire,  and  states  that  he  has  only  seen  "true"  ball  lightning 
near  severe  thunderstorms  associated  with  squall  lines,  mountainous 
terrain,  and  significant  cloud-to-cloud  lightning.  He  defines  "true" 
ball  lightning  as  having  the  following  characteristics:  (1)  diameters 
between  15  and  30  meters,  (2)  never  originates  outside  the  main  thunder¬ 
storm  cloud,  (3)  generates  from  a  single  point  and  expands  in  exactly 

the  same  manner  as  the  fireball  of  an  atomic  explosion,  but  with  a  longer 
lifetime,  (4)  earphones  detect  soft  sibilant  hiss,  easily  distinguish¬ 
able  from  crash  static,  which  gradually  increases  in  loudness  concurrent 
with  the  growth  of  the  ball,  then  rapidly  decreases  in  loudness  after 
peak  brightness, (5)  no  apparent  thunder.  He  considers  smaller  luminous 
balls  seen  near  his  aircraft  to  be  St.  Elmo's  fire.  If  Kugelblitz 
within  clouds  can  be  as  large  as  is  estimated  by  this  pilot,  then 
ground-based  observations  reflect  only  weak  manifestations  of  the  phenomenon. 

4.  In  Klass's  book  there  is  a  remarkable  photograph 

taken  by  an  RCAF  pilot  in  1956,  which  seems  to  confirm  the  above  ob¬ 
servations.  The  pilot  was  flying  westward  at  11  km  altitude  over  the 
foothills  of  the  Canadian  Rockies  near  Macleod,  Alberta,  through  what 
he  describes  as  the  most  intense  thunderstorm  he  ever  saw  in  North 
America.  Cloud  pillars  extended  above  12  km.  The  sun  was  setting  behind 
the  mountains  and  was  obscured  from  view.  The  ground  was  dark.  Through 
a  break  in  the  clouds  he  observed  a  bright  stationary  light  with  sharply 
defined  edges  "like  a  shiny  silver  dollar."  The  light  was  nestled 
deep  within  the  thunderstorm,  suspended  above  some  cumulus  reported 
at  4  km  altitude.  The  object  remained  in  view  for  45  seconds  as  he 
flew  across  the  cloud  break.  The  diameter  of  the  light  is  estimated 
to  be  at  least  15  to  30  meters. 
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The  following  case  is  indicative  of  higii-energy  ball  lightning. 

5.  At  3:30  p.m.  on  26  April  1939,  following  a  moderate  rainstorm  at 
Roche-fort-sur-Mer  (France),  an  extremely  brilliant  flash  of  lightning 
branched  into  three  directions.  At  the  first  impact  point,  a  witness 
described  a  ball  15  to  20  cm  in  diameter  and  2.5  meters  above  the  ground 
which  passed  only  4  meters  in  front  of  him.  He  felt  a  breeze  of  air 

at  the  same  time.  The  globe  climbed  an  iron  cable  which  it  melted  and 
pulverized,  producing  smoke  in  the  process.  The  electrical  conduits 
of  an  adjoining  house  were  burned  and  the  meter  was  damaged.  TTie 
observer,  who  was  installing  a  gas  pipe,  received  a  shock.  At  the 
second  impact  point  several  workers  saw  a  globe  also  15  to  20  cm  in 
diameter  touch  the  top  of  a  crane.  There  ensued  a  great  explosive 
noise  accompanied  by  a  blue  spark  as  large  as  an  arm  which  flew  40 
meters  and  struck  the  forehead  of  a  dock  worker,  knocking  him  to  the 
ground.  A  dozen  shovelers  working  10  to  50  meters  from  the  crane  received 
shocks  and  were  knocked  over,  one  being  thrown  60  cm  into  the  air. 

The  shovels  were  tom  from  their  hands  and  thrown  3  or  4  meters  away. 

No  smoke  or  odor  was  perceived.  At  the  crane,  current  flowed  along 
the  electric  cable,  boiled  the  circuit  breaker  board  and  the  windings 
of  the  crane's  electric  motor.  The  chief  electrician  received  a 
violent  shock  and  was  unable  to  free  his  hands  from  the  controls. 

At  the  third  impact  point,  a  ball  of  fire  as  large  as  two  fists  hit  a 
lightning  rod  and  descended  along  the  conductor  to  the  ground,  disappearing 
behind  a  building.  Two  workers  saw  a  ball  of  fire  roll  very  rapidly 
along  the  ground. 

6.  In  Hanover,  Germany  during  a  July  thunderstorm  in  1914,  a  fire¬ 
ball  the  size  of  an  egg  came  through  the  window,  left  a  burnt  spot  near 
the  ceiling,  travelled  down  the  curtain,  and  disappeared  in  the  floor. 

No  burnt  marks  were  found  in  the  floor  or  curtains,  hut  the  ceiling 

had  a  slightly  charred  mark  the  size  of  a  penny. 
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Cases  like  these  are  not  unusual.  Ball  lightning  has  been 
known  to  cut  wires  and  cables,  to  kill  or  bum  animals  and  people,  to 
set  fire  to  beds  and  bams,  to  chase  people,  to  explode  in  chimneys,  and 
to  ooze  through  keyholes  and  cracks  in  the  floor.  It  has  even  been 
reported  in  the  passenger  compartment  of  a  DC-3  aircraft.  Moreover, 
lightning  conductors  are  not  always  able  to  dissipate  the  energy  of 
Kugelblitz.  In  St.  Petersburg,  Fla.,  during  the  .summer  of  1951  an 
elderly  woman  was  found  burned  to  death  in  an  armchair  near  an 
open  window.  Above  one  meter,  there  were  indications  of  intense  heat  -- 
melted  candles,  cracked  mirror,  etc.  A  temperature  of  1400°C  would 
have  been  needed  to  produce  such  effects.  But  below  one  meter  there 
was  only  one  small  burned  spot  on  the  rug  and  the  melted  plastic 
cover  of  an  electric  outlet.  A  fuse  had  blown,  stopping  a  clock  in 
the  early  morning  hours.  Since  lightning  is  common  near  St.  Petersburg, 
this  case  has  ail  the  marks  of  Kugelblitz. 

7.  "On  3  March  1557,  Diane  of  France,  illegitimate  daughter  of 
Henri  II,  then  the  Dauphin,  married  Francois  de  Montmorency.  On 
the  night  of  their  wedding,  an  oscillating  flame  came  into  their 
bedroom  through  the  window,  went  from  comer  to  corner,  and  finally 
to  the  nuptial  bed,  where  it  burnt  Diane's  hair  and  night  attire. 

It  did  them  no  other  harm,  but  their  terror  can  be  imagined." 

8.  Coronal  Effects 

A  sharp  point  which  extends  from  a  charged  conducting  surface 
is  a  region  of  maximum  electric  field.  During  a  thunderstorm,  there¬ 
fore,  we  can  expect  large  electric  fields  near  trees,  towers,  tall 
buildings,  the  masts  of  sailing  ships,  and  all  other  points  rising 
from  the  earth's  conducting  surface. 

If  the  electric  field  becomes  large  enough,  avalanche  processes 
can  cause  electrical  breakdown  of  the  surrounding  air  and  a  sustained 
coronal  discharge.  Coronal  effects  may  transfer  more  charge  between 


cloud  and  ground  than  does  lightning. 

St.  Elmo's  fire  appears  as  a  glowing  luminescence  hovering 
above  a  pointed  object  or  near  a  wire  conductor.  It  is  usually 
oval  or  ball  shaped,  between  10  and  40  cm  in  diameter,  and  has  a 
glowing  blue-white  appearance.  Its  lifetime  exceeds  that  of  ball 
lightning,  sometimes  lasting  several  minutes.  The  decay  is  silent 
but  may  be  sudden  or  slow.  Sometimes  hissing  or  buzzing  noises 
can  be  detected. 

The  primary  difference  between  ball  lightning  and  St.  Elmo's 
fire  is  that  St.  Elmo's  fire  remains  near  a  conductor.  It  has  been 
observed  to  move  along  wires  and  aircraft  surfaces,  sometimes  pulsating. 
Foo-fighters  are  probably  a  manifestation  of  St.  Elmo's  fire.  Eye¬ 
witness  reports  of  coronal  discharge  are  presented  in  Section  14  .  Mere 
is  an  account  of  St.  Elmo's  fire  from  the  same  pilot  who  gave  ob¬ 
servation  3  of  the  previous  section. 

"The  smaller  'ball  lightning'  I  have  always  associated  as  being 
the  phenomenon  known  as  St.  Elmo's  fire;  however,  St.  Elmo's  fire 
generally  consists  of  an  infrequent  blanket  covering  the  leading  edges 
and  trailing  edges  of  an  aircraft.  It  does  not  blind  or  brighten 
but  is  merely  irritating  as  it  prevents  clear  radio  reception.  The 
'small  ball'  formation  varies  in  size  from  two  inches  (5  cm)  to  a 
foot  and  a  half  (46  cml  in  diameter  and  generally  'rolls  around'  the 
aircraft  apparently  unaffected  by  the  movement  of  the  aircraft.  On 
one  occasion  a  small  ball  (about  six  inches  (15  cm)  in  diameter)  of 
yellowish-white  lightning  formed  on  my  left  tiptank  in  an  F-94B  then 
rolled  casually  across  the  wing,  up  over  the  canopy,  across  the  right 
wing  to  the  tiptank  and  thence  commenced  a  return,  which  I  didn't  note, 
but  I  was  advised  by  my  observer  that  it  disappeared  as  spontaneously 
as  it  had  arisen.  I  have  seen  this  form  several  times  but  rarely  for 
as  long  as  a  period  which  I  would  estimate  to  be  about  two  minutes  in 
duration.  Sometimes  the  balls  are  blue,  blue-green,  or  white  though 
it  appears  to  favor  the  blue-green  and  yellow-white.  It  might  be 
of  interest  to  you  to  know  that  subsequent  to  the  'small  ball'  rolling 
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over  »y  aircraft,  the  aircraft  was  struck  three  times  by  conventional 
lightning  bolts  which  melted  four  inches  (10  cm)  off  the  trailing 
edge  of  each  tiptank  and  fused  about  a  four  inch  section  covering 
my  tail  lights." 

9.  Ignis  Fatuus 

In  swamps  and  marshes,  methane,  CH^  (and  also  phosphine  PHj) , 
is  released  by  decaying  organic  matter.  When  the  methane  ignites, 
either  by  spontaneous  combustion  or  by  electrical  discharges  pro¬ 
duced  during  times  of  thunderstorm  activity,  luminous  globes  which 
float  above  the  swamp  can  be  seen.  These  are  not  plasma  effects, 
but  resemble  them  in  appearance. .  They  are  called  Ignis  Fatuus 
(foolish  fire),  jack-o-lantems,will-o-the-wisp,  or  simply  swamp 
(or  marsh)  gas.  The  colors  are  reported  to  be  yellow,  sometimes  red 
or  blue.  Thunderstorms  and  other  electrical  activity  around  swamps 
seem  to  stimulate  this  effect. 

Occasionally  observers  have  placed  their  hands  into  these  lum¬ 
inescent  gases  without  feeling  any  heat.  Dry  reeds  did  not  catch  fire. 
Copper  rods  did  not  heat  up.  Occasionally  however  paper  was  ignited. 

There  is  little  doubt  that  Ignis  Fatuus  is  the  source  of  some 
ghost  stories  and  UFO  reports. 

10.  Tornado  Lightning 

In  certain  situations,  cold  dry  air  (from  the  Rocky  Mountains) 
flows  over  warm  moist  air  (from  the  Gulf  of  Mexico)  which  is  moving 
in  a  different  horizontal  direction.  As  a  result,  wind  shear  and 
strong  convection  produce  active  thunderstorm  cells  along  a  line  of 
instability  some  tens  of  kilometers  ahead  of  the  cold  front.  These 
thunderstorm  cells  and  the  opaque  clouds  connecting  them  are  known  as 
a  squall  line.  Squall  lines  are  the  source  of  most  tornadoes. 

The  characteristic  feature  of  the  tornado  is  the  funnel-shaped 
cloud  that  hangs  from  the  sky  and  moves  around  like  the  trunk  of  an 


1174 


elephant.  The  destructive  capability  of  the  tornado  is  the  result  of 
an  extremely  sudden  pressure  drop  of  roughly  0.1  atmosphere  between 
the  inside  and  outside  of  the  funnel.  Winds  can  range  in  speed 
from  100  to  330  m/sec. 

Without  question,  the  most  concentrated  and  powerful  manifestations 
of  atmospheric  electricity  occur  in  conjunction  with  tornadoes. 

Tornadoes  are  associated  with  continuous  lightning,  point  discharges, 
and  ball  lightning.  Early  theories  of  the  19th  century  maintained 
that  the  tornado  is  a  conducting  channel  for  lightning  between  cloud 
and  ground.  Present  thought  attributes  the  origin  of  tornadoes  to 
violent  convective  air  motions  near  squall  lines. 

Although  many  convective  events,  such  as  isolated  thunder¬ 
storms,  dust  devils,  hurricanes,  etc.,  occur  in  the  atmosphere, 
these  have  energy  concentrations  much  smaller  than  that  of  a  tornado. 
Consequently,  several  researchers  believe  that  a  tornado  can  be 
maintained  only  by  an  intense  and  continuous  lightning  discharge  along 
its  axis.  Such  a  discharge  heats  the  air  within  the  funnel,  thereby 
causing  violent  updrafts  and  vortex  motions.  Whether  or  not  this 
theory  is  correct,  there  is  little  doubt  that  the  electrical  power 
generated  during  a  single  tornado  event  is  at  least  2  x  10^  watts, 
or  about  1/10  of  the  combined  power  output  of  all  the  electrical 
generators  in  the  United  States . 

From  radio  emissions  (spherics),  it  is  estimated  that  about  20 
lightning  flashes  occur  each  second  in  a  tornado  cloud.  Assuming 
20  coulombs  per  lightning  discharge,  the  average  current  flowing 
through  a  tornado  is  about  400  amperes.  Magnetic  field  measurements 

near  a  tornado  indicate  that  such  a  current  is  not  unreasonable.  Using 
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10  joules  per  lightning  flash,  we  find  2  x  10  watts  for  the  electrical 

power  generated  by  a  tornado. 

Such  estimates  may  be  too  conservative.  Tornado  lightning  is 
reported  to  be  brighter,  bluer,  and  more  intense  than  its  thunder¬ 
storm  counterpart.  Long  before  a  tornado  is  observed,  lightning 


interlaces  the  clouds.  About  15  minutes  prior  to  the  appearance  of 
the  funnel,  the  lightning  becomes  intense  and  continuous.  After  the 
funnel  descends,  the  sky  is  reported  to  be  in  a  blaze  of  light  with 
never  ceasing  sheet  lightning. 

Large  hailstones  are  commonly  produced  both  by  tornadoes  and  by 
severe  isolated  thunderstorms.  Hail  is  closely  correlated  with  intense 
electrical  activity.  Observations  of  burned,  wilted,  and  dehydrated 
vegetation,  and  odors  of  brimstone  (burning  sulfur)  provide  further 
evidence  of  electrical  action.  The  tornado  funnel  is  usually  preceded 
by  a  peculiar  whining  sound,  a  noise  indicative  of  coronal  discharge. 

Eyewitness  accounts  are  interesting  in  the  present  context 
because  it  has  been  suggested  that  many  UFOs  are  luminous  tornado 
clouds  whose  funnels  have  not  reached  the  ground: 

1.  "After  a  tornado  passed  over  Norman,  Oklahoma  and  headed  north, 
personnel  at  Tinker  Field  heard  a  sharp  hissing  sound  overhead  com¬ 
bined  with  a  lowpitched  continuous  roar.  We  were  conscious  of  an 
unusual  and  oppressive  sensation.  The  noise  source  was  definitely 
above  us.  When  it  was  nearest  us,  I  saw  the  sky  above  gradually 
grow  lighter,  then  fade  to  black.  The  light  was  greenish  in  color. 
Associated  with  the  light  was  a  strong  sensation  of  heat  radiating 
downward.  The  noise  increased  in  volume  and  then  faded  out  as  though 
it  came  from  the  south  and  passed  us  going  north.  The  rain  had  stopped 
while  this  phenomenon  was  overhead." 

2.  "As  the  storm  was  directly  east  of  me,  I  could  see  fire  up  near 
the  top  of  the  funnel  that  looked  like  a  child's  Fourth  of  July 
pinwheel.  There  were  rapidly  rotating  clouds  passing  in  front  of  the 
top  of  the  funnel.  These  clouds  were  illuminated  only  by  the  luminous 
band  of  light.  The  light  would  grow  dim  when  these  clouds  were  in 
front,  and  then  it  would  grow  bright  again  as  I  could  see  between 

the  clouds.  As  near  as  I  can  explain,  I  would  say  that  the  light 
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was  the  same  color  as  an  electric  arc-welder  but  very  much  brighter. 

The  light  was  so  intense  that  I  had  to  look  away  when  there  were  no 
clouds  in  front  of  it." 

3.  'The  funnel  from  the  cloud  to  the  ground  was  lit  up.  It  was 
a  steady  deep  blue  light  --  very  bright.  It  had  an  orange-color 
fire  in  the  center  from  the  cloud  to  the  ground.  As  it  came  along 
my  field,  it  took  a  swath  about  100  yards  wide.  As  it  swung  from 
left  to  right,  it  looked  like  a  giant  neon  tube  in  the  air,  or  a 
flagman  at  a  railroad  crossing.  As  it  swung  along  the  ground  level, 
the  orange  fire  or  electricity  would  gush  out  from  the  bottom  of 
the  funnel  and  the  updraft  would  take  it  up  in  the  air  causing 

a  terrific  light  --  and  it  was  gone!  As  it  swung  to  the  other  side, 
the  orange  fire  would  flare  up  and  do  the  same." 

4.  "There  was  a  screaming,  hissing  sound  coming  directly  from  the 
end  of  the  funnal.  I  looked  up,  and  to  my  astonishment  I  saw  right 
into  the  heart  of  the  tornado.  There  was  a  circular  opening 

in  the  center  of  the  funnel,  about  fifty  to  one  hundred  ft.  (15  to  30  m) 
in  diameter  and  extending  straight  upward  fer  a  distance  of  at  least 
half  a  mile  (800  m) ,  as  best  I  could  judge  under  the  circumstances. 

The  walls  of  this  opening  were  rotating  clouds  and  the  whole  was 
brilliantly  lighted  with  constant  flashes  of  lightning,  which  zig¬ 
zagged  from  side  to  side." 

5.  "We  looked  up  into  what  appeared  to  be  an  enormous  hollow  cylinder 
bright  inside  with  lightning  flashes,  but  black  as  blackest  night 

all  round.  The  noise  was  like  ten  million  bees  plus  a  roar  that 
beggars  all  descriptions." 

t> .  "A  few  minutes  after  the  storm  passed,  there  was  a  taste  and 
smell  in  the  air  like  that  of  burnt  sulfur.  The  air  was  clammy, 
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and  it  was  hard  foT  me  to  breathe.  Hie  sensation  was  like  being 
smothered." 

7.  "...  burned  tip  the  trees  that  lay  within  its  circunference,  and 
uprooted  those  which  were  upon  its  line  of  passage.  The  former,  in 
fact,  were  found  with  the  side  which  was  exposed  to  the  storm 
completely  scorched  and  burned,  whereas  the  opposite  side  remained 
green  and  fresh." 

8.  "...suddenly  it  turned  white  outside.  TVs  whiteness  definitely 
was  not  fog.  I  would  say  it  appeared  to  be  giving  off  a  light  of  its 
own." 


0.  "The  beautiful  electric  blue  light  that  was  around  the  tornado 
was  something  to  see,  and  balls  of  orange  and  lightning  came  from 
the  cone  point  of  the  tornado." 

10.  "The  most  interesting  thing  I  remember  is  a  surface  glow  -- 
some  three  or  four  feet  deep  --  rolling  noise,  etc." 

If  a  researcher  had  never  heard  of  a  tornado,  and  were  asked  to 
compare  the  eyewitness  accounts  of  tornadoes  (such  as  these)  with 
those  concerning  UFOs,  he  would  probably  find  the  tornado  reports 
to  be  more  fantastic  and  incredible.  Luminous  tornado  clouds  with 
no  funnels  to  the  ground  are  possible  causes  of  several  UFO  reports. 

11.  Dust  Devil  Electricity 

During  the  heat  of  the  day,  the  air  temperature  is  high  at  the 
desert  floor  but  decreases  rapidly  with  height.  At  some  critical 
temperature  gradient  (called  the  autoconvective  lapse  rate)  violent 
upward  convection  of  heated  air  occurs.  Under  certain  desert  con¬ 
ditions,  the  upward  convection  may  be  rather  intense  in  small  areas. 
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Rapidly  rising  air  is  replaced  by  cooler  air  which  flows  inward 
horizontally  and  asymmetrically,  thereby  creating  a  vertical  vortex 
funnel.  Such  a  desert  vortex  made  visible  by  dust  and  sand  particles, 
is  known  as  a  dust  devil.  Unlike  the  tornado,  however,  the  dust  devil  * 
begins  from  the  ground  and  rises  upward.  Although  it  can  sometimes 
blow  a  man  over,  it  is  much  less  powerful  than  a  tornado. 

Recent  measurements  indicate  that  strong  electric  fields  are 
generated  by  dust  devils.  The  precise  nature  of  the  charge  separation 
process  is  not  understood,  but  in  this  case  at  least,  the  electrical 
effects  are  almost  certainly  the  result  of  convective  motions  and 
particle  interactions. 

Luminescent  effects  of  dust  devils  have  never  been  reported  and 
would  be  extremely  difficult  to  detect  in  the  daytime.  Since  dust 
devils  do  not  occur  at  night  when  the  desert  floor  is  cooler  than  the 
air  above,  this  phenomenon  can  not  explain  UFOs  reported  at  night. 

12.  Volcano  Lightning 

Undersea  volcanic  eruptions  began  on  the  morning  of  14  November 
1963,  only  23  km  from  the  southern  coast  of  Iceland,  where  the  water 
depth  was  130  m.  Within  10  days  an  island  was  created  which  was 
nearly  1  km  long  and  100  m  above  sea  level.  Motion  pictures  showed 
clouds  rising  vertically  at  12  m/sec  to  an  altitude  of  9  km.  The  cloud 
of  1  December  contained  intense,  almost  continuous  light,  presumably 
the  result  of  large  dust  particles  and  perhaps  electret  effects 
of  sulfur. 

Aircraft  flights  through  the  volcanic  cloud  were  made  during 
periods  of  no  lightning.  Large  electric  fields  were  measured,  sometimes 
exceeding  11,000  volt/m. 

The  production  of  lightning  by  volcanos  is  of  considerable 
interest  for  atmospheric  electricity.  Nevertheless,  there  is  no 
evident  relation  between  volcano  lightning  and  UFO  reports. 
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13.  Earthquake-Associated  Sky  Luminescence 

Intense  electrical  activity  has  often  been  reported  prior  to, 
during,  and  after  earthquakes.  Unusual  luminescent  phenomena  seen 
in  the  sky  have  been  classified  into  categories:  (1)  indefinite 
instantaneous  illumination:  (a)  lightning  (and  brightenings) ,  (b) 
sparks  or  sprinkles  of  light,  (c)  thin  luminous  stripes  or  streamers; 

(2)  well-defined  and  mobile  luminous  masses:  (a)  fireballs  (ball 
lightning),  (b)  columns  of  fire  (vertical),  (c)  beams  of  fire  (presumably 
horizontal  or  oblique),  (d)  luminous  funnels;  (3)  bright  flames 
and  emanations:  (a)  flames,  (b)  little  flames,  (c)  many  sparks, 

(d)  luminous  vapor;  (4)  phosphorescence  of  sky  and  clouds:  (a) 
diffused  light  in  the  sky,  (b)  luminous  clouds.  The  classification 
is  somewhat  ambiguous,  but  is  rather  descriptive  of  luminous  events 
associated  with  earthquakes. 

The  earliest  description  of  such  phenomena  was  given  by  Tacitus, 
who  describes  the  earthquake  of  the  Achaian  cities  in  373  B.C.E. 

Japanese  records  describe  luminous  effects  during  many  severe  earth¬ 
quakes.  In  the  Kamakura  Earthquake  of  1257,  bluish  flames  were  seen 
to  emerge  from  fissures  opened  in  the  ground. 

Flying  luminous  objects  are  mentioned  in  connection  with  the 
earthquake  at  Yedo  (Tokyo)  during  the  winter  of  1672.  A  fireball 
resembling  a  paper-lantern  was  seen  flying  through  the  sky  toward  the 
east.  During  the  Tosa  earthquake  of  1698,  a  number  of  fireballs 
shaped  like  wheels  were  seen  flying  in  different  directions.  In 
the  case  of  the  Great  Genroku  Earthquake  of  31  December  1730  in 
Tokaido,  luminous  "bodies"  and  luminous  "air"  were  reported  during 
the  nights  preceding  the  day  of  severest  shock.  Afterwards  a  kind  of 
luminosity  resembling  sheet  lightning  was  observed  for  about  20  days, 
even  when  there  were  no  clouds  in  the  sky.  One  record  of  the  Shinano 
Earthquake  of  1847  states:  "Under  the  dark  sky,  a  fiery  cloud  appeared 
in  the  direction  of  Mt.  Izuna.  It  was  seen  to  make  a  whirling  motion 
and  then  disappeared.  Immediately  afterward,  a  roaring  sound  was 
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heard,  followed  by  severe  earthquakes."  In  Kyoto  in  August,  1830,  it 
is  reported  that  during  the  night  preceding  the  earthquake  luminous 
phenomena  were  seen  in  the  whole  sky;  at  times,  illumination  emitted 
from  the  ground  was  comparable  in  brightness  to  daylight.  In  the 
Kwanto  Earthquake  of  1  September  1923,  a  staff  member  of  the  Central 
Meteorological  Observatory  saw  a  kind  of  stationary  fireball  in  the 
sky  of  Tokyo. 

The  earthquake  at  Izu,  26  November  1930,  was  studied  in  detail 
for  associated  atmospheric  luminescence.  Many  reports  of  sightings 
were  obtained.  The  day  prior  to  the  quake,  at  4  p.m,,  a  number  of 
fishermen  observed  a  spherical  luminous  body  to  the  west  of  Mt.  Amagi, 
which  moved  northwest  at  considerable  speed.  Fireballs  (ball  lightning) 
and  luminous  clouds  were  repeatedly  observed.  A  funnel-shaped  light 
resembling  a  searchlight  was  also  seen.  Most  witnesses  reported 
pule  blue  or  white  illumination,  but  others  reported  reddish  or 
orange  colors. 

That  large  electrical  potentials  can  be  created  by  the  slippage 
or  shearing  of  rocks  is  not  surprising.  Nevertheless ,  associated 
ball  lightning  and  luminous  clouds  are  of  significance  to  this 
study.  Of  possible  importance  is  the  use  of  electrical  measurements 
to  provide  some  advance  warning  of  an  impending  earthquake. 

14.  Mountaintop  Electricity 

Mountains  are  sharp  projections  which  rise  from  the  conducting 
surface  of  the  earth.  The  electrical  potential  of  a  mountain  is  essentially 
equal  to  that  of  the  surrounding  lowlands.  Consequently,  when  an 
electric  field  is  set  up  between  cloud  and  ground,  the  potential  gradient 
(or  electric  field  strength)  reaches  a  maximum  between  the  mountaintop 
and  the  overlying  clouds. 

The  large  potential  gradient  which  often  exists  on  a  mountaintop 
may  give  rise  to  a  number  of  events  related  to  coronal  discharge. 
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Physiological  effects  of  large  electric  fields  are  frequently  reported 
by  mountaineers.  Many  of  these  effects  are  also  occasionally  reported 
in  connection  with  UFOs.  In  this  section  we  summarize  eyewitness  re¬ 
ports  from  mountaint  ops . 

1.  A  graduate  student  of  the  University  of  Colorado  was  climbing 
Q\imborazo,  a  high  and  isolated  mountain  in  Ecuador.  The  summit 

is  a  large  flat  plateau  400  meters  in  diameter  and  6266  meters  above 
sea  level.  He  and  a  companion  left  their  camp  at  5700  meters  on 
the  morning  of  1  March  1968.  At  10  a,m.  clouds  started  forming  at 
the  peak,  and  a  small  amount  of  graupel  began  to  fall.  When  they 
reached  the  summit,  between  2  and  2:30  p.m.,  there  was  considerable 
cloudiness.  Just  as  they  were  about  to  take  the  traditional  photo¬ 
graph  of  conquest,  the  graupel  began  to  fall  more  heavily.  Suddenly 
they  felt  an  odd  sensation  about  their  heads,  described  as  mild 
electric  shocks  and  crackling  and  buzzing  sounds.  Their  aluminum 
glacier  goggles  began  to  vibrate,  and  their  hair  stood  on  end. 

The  climbers  dived  into  the  snow  and  waited.  Thunder  was  heard  in 
the  distance.  They  found  that  whenever  they  raised  their  heads 
off  the  ground,  the  electrical  effects  recurred.  It  seemed  as  if 
there  were  an  oppressive  layer  50  cm  above  the  surface.  After  waiting 
half  an  hour,  the  climbers  crawled  off  the  peak  on  their  bellies. 

They  proceeded  in  this  manner  for  an  hour  and  a  half,  400  meters  across 
the  plateau  and  down  the  slope.  After  descending  60  meters,  they  found 
they  could  stand  up.  By  this  time  the  fall  of  graupel  and  the  sounds 
of  thunder  had  ceased. 

During  the  1870 's  and  1880's,  the  Harvard  College  Observatory 
maintained  a  meteorological  station  at  the  top  of  Pike's  Peak.  The 
journal  of  this  expedition  makes  fascinating  reading: 

2.  "16  July  1874.  A  very  severe  thunderstorm  passed  over  the  summit 
between  1  and  3  p.m. ,  accompanied  by  mixed  rain  and  hail.  Sharp 
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flashes  and  reports  came  through  the  lightning  arrester,  to  the  terror 
of  several  lady  visitors;  outside  the  builc  i  the  electric  effects 
were  still  more  startling.  The  strange  crackling  of  the  hail,  mentioned 
before,  was  again  heard,  and  at  the  same  i  .  the  observer's  whiskers 
became  strongly  electrified  and  repellent,  »ad  gave  quite  audible 
hissing  sounds.  In  spite  of  the  cap  worn,  «.ne  observer's  scalp 
appeared  to  be  pricked  with  hundreds  of  rej  hot  needles,  and  a  burning 
sensation  was  felt  on  face  and  hands.  Silent  lightning  was  seen 
in  all  directions  in  the  evening,  and  ground-currents  passed  incessantly 
through  the  arrester." 

3.  "21  July  1874.  Not  only  did  the  constant  crackling  of  the  fallen 
hail  indicate  the  highly  electrified  state  of  the  summit,  but  from  the 
very  rocks  proceeded  a  peculiar  chattering  noise,  as  if  they  were 
shaken  by  subterranean  convulsions." 

4.  "25  May  1876.  At  6  p.m.  continued  thunder  was  heard  overhead 
and  southeast  of  the  peak.  The  arrester  was  continually  making  the 
usual  crackling  noise.  About  this  time,  while  outdoors,  the  observer 
heard  a  peculiar  "singing"  at  two  or  three  places  on  the  wire  very 
similar  to  that  of  crickets.  When  the  observer  approached  near  one 
of  these  places  the  sound  would  cease,  but  would  recommence  as  soon 
as  he  withdrew  two  or  three  feet  distant." 

5.  "18  August  1876.  During  the  evening  the  most  curiously  beautiful 
phenomenon  ever  seen  by  the  observer  was  witnessed,  in  company  with 
the  assistant  and  four  visitors.  Mention  has  been  made  in  journal  of 
25  May  and  13  July  of  a  peculiar  "singing"  or  rather  "sizzing" 
noise  on  the  wire,  but  on  those  occasions  it  occurred  in  the  daytime. 
Tonight  it  was  heard  again,  but  the  line  for  an  eighth  of  a  mile  (200  m) 
was  distinctly  outlined  in  brilliant  light,  which  was  thrown  cut 

from  the  wire  in  beautiful  scintillations.  Near  us  we  could  observe 
these  little  jets  of  flame  very  plainly.  They  were  invariably  in 
the  shape  of  a  quadrant,  and  the  rays  concentrated  at  the  surface  of 
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the  line  in  a  small  mass  about  the  size  of  a  currant,  which  had  a  bluish 
tinge.  These  little  quadrants  of  light  were  constantly  jumping  from 
one  point  to  another  of  the  line,  now  pointing  in  one  direction,  and 
again  in  another.  There  was  no  heat  to  the  light,  and  when  the  wire 
was  touched,  only  the  slightest  tingling  sensation  was  felt.  Not  only 
was  the  wire  outlined  in  this  manner,  but  every  exposed  metallic  point 
and  surface  was  similarly  tipped  or  covered.  The  anemometer  cups 
appeared  as  four  balls  of  fire  revolving  slowly  round  a  common  center; 
the  wind  vane  was  outlined  with  the  same  phosphorescent  light,  and 
one  of  the  visitors  was  very  much  alarmed  by  sparks  which  were  plainly 
visible  in  his  hair,  though  none  appeared  in  the  others'.  At  the  time 
of  the  phenomenon  snow  was  falling,  and  it  has  been  previously  noticed 
that  the  "singing"  noise  is  never  heard  except  when  the  atmosphere  is 
very  damp,  and  rain,  hail,  or  snow  is  falling." 

b.  "16  June  1879.  (During  afternoon).  One  of  those  electric  storms 
peculiar  and  common  to  Pike's  Peak  prevailed.  A  queer  hissing  sound 
issued  from  the  telegraph  line,  the  wind-vane  post,  and  another  post 
stand ing  in  a  deep  snow  drift  near  by.  Observer  stepped  out  to  view 
the  phenomenon,  but  was  not  standing  in  the  snow  drift  long,  when  the 
same  buzz  started  from  the  top  of  his  head;  his  hair  became  restless, 
and  feeling  a  strange  creeping  sensation  all  over  his  body,  he  made 
quick  steps  for  the  station." 

7.  "10  July  1879.  At  5  p.m.  the  hail  turned  to  snow,  and  ceased  at 

5:30  p.m.,  the  wind  being  gentle  throughout.  On  stepping  to  the  door 
at  6  pm.,  observer  states  that  he  felt  a  peculiar  sensation  about 
the  whole  body,  similar  to  that  of  an  awakening  limb  after  being 
benumbed;  that  his  hair  stood  straight  out  from  his  head,  and  seemed 
to  produce  a  peculiar  "singing"  noise  like  that  of  burning  evergreens; 
the  telegraph  line  and  all  metallic  instruments  producing  a  noise  like 
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that  of  swarming  bees.  When  he  put  on  his  hat,  the  prickly  sensation 
became  so  intense  that  he  was  compelled  to  remove  it,  his  forehead 
smarting  as  though  is  had  been  burned  for  fully  three  hours  later. 

At  7  p.m.  the  electric  storm  had  ceased." 

With  the  exception  of  tornado  situations  described  earlier  (where 
heat  is  also  present),  it  is  not  likely  that  electrical  sensations 
are  anywhere  more  intense  than  on  mountaintops .  UFO  reports  sometimes 
indicate  creepy,  crawling  sensations,  much  less  pronounced,  however, 
than  those  experienced  by  mountaineers. 

15.  Meteor  Ionization  and  Meteor  Sounds 

A  meteor  is  a  streak  of  light  produced  by  the  interaction  with  the 
atmosphere  of  a  solid  particle  (or  meteoroid)  from  interplanetary  space. 

Most  meteoroids,  particularly  those  that  appear  on  schedule  during  cer¬ 
tain  times  of  the  year,  are  probably  dust  balls  which  follow  the  orbit 
of  a  comet.  When  they  enter  the  atmosphere  they  produce  short-lived 
streaks  of  light  commonly  known  as  shooting  stars. 

A  fireball  or  bolide  (Greek  for  javelin)  is  a  meteor  with  a  luminosity 
that  equals  or  exceeds  that  of  the  brightest  planets  (apparent  magnitude 
-5).  A  solid  object  called  a  meteoiite  may  be  deposited  on  the  earth's 
surface  after  a  bolide,  but  never  after  scheduled  meteor  showers.  The 
appearance  of  a  bolide  is  random,  and  not  correlated  either  in  space 
or  in  time  with  comet  orbits  and  the  usual  meteor  showers.  Bolhcs  are 
believed  to  be  caused  by  solid  fragments  from  t.ie  asteroid  belt,  whereas 
the  scheduled  meteors  are  tau'ed  by  dust  balls  from  cometary  orbits. 

When  a  me-.eoroid  pas  :  %s  through  the  upper  atmosphere,  a  shock 
wave  is  generated,  accompanied  by  intense  heating  of  the  surrounding 
air  and  the  meteoroid  surfaces.  Atoms  which  boil  off  the  meteoroid 
surface  possess  *-hermal  speeds  of  about  1  km/sec  and  directed  velocities 
of  up  to  72  km/sec.  Ihey  collide  with  surrounding  air  molecules,  and 
create  an  envelope  of  ion’ cat  ion  and  excitation.  A  meteorite  only  a  few  tens 
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of  centimeters  wide  may  be  surrounded  by  an  ionized  sheath  of  gas  some 
tens  of  meters  or  more  in  diameter.  De-excitation  and  recombination 
processes  give  rise  to  the  long  visible  trail  behind  the  meteoroid. 

Meteor  trails  are  visible  at  altitudes  between  110  and  70  km. 

The  brightest  bolides  can  cast  shadows  over  a  radius  of  650  km. 

To  be  as  bright  as  the  full  moon,  meteoroids  of  at  least  100  kg  are 
required.  About  1500  meteoroids  enter  the  earth's  atmosphere  each 
year,  each  with  a  mass  greater  than  100  kg. 

The  visual  appearance  of  a  bolide  differs  considerably  from  that 
of  a  shooting  star.  Vivid  colors  and  color  changes  are  common.  Bolides 
have  been  seen  to  break  apart,  with  fragments  circling  slowly  on  the  way 
down  or  flying  in  a  line  or  in  an  apparent  formation.  The  trajectory  of 
a  bolide  can  appear  almost  horizontal  to  the  observer.  Because  of  the 
extreme  brightness  and  the  large  diameter  of  the  ionization  envelope, 
distances  to  bolides  are  always  underestimated,  particularly  if  it  should 
flare  up  toward  the  end  of  the  descent.  Odors  of  brimstone  near  the 
impact  point  have  also  been  reported. 

Meteor  trains  associated  with  bolides  sometimes  remain  luminescent 
for  an  hour  or  so.  Such  a  train  may  appear  as  a  glowing  column  about 
one  kilometer  in  diameter.  The  mechanism  which  allows  certain  meteor  trains 
to  glow  for  so  long  a  time  is  not  known.  Radar  trails  of  ordinary 
meteors  last  only  0.5  sec.  Spectral  analysis  of  glowing  meteor  trails 
reveals  many  bright  emission  lines  from  excited  air  atoms.  Radiation 
from  the  hot  surface  of  a  meteoroid  has  also  been  detected  on  rare 
occasions.  These  emission  lines  reveal  only  common  elements  (such  as 
iron,  sodium,  magnesium,  and  other  minerals),  implying  a  chemical  con- 
position  similar  to  the  earth  and  to  the  asteroids.  During  the  day, 
a  bolide  train  is  seen  as  a  pillar  of  dust  at  lower  altitudes  rather 
than  as  a  glowing  column  in  the  upper  atmosphere. 

Some  minutes  after  exceptionally  bright  bolides,  some  witnesses 
have  heard  sounds  decribed  as  thunder,  the  boom  of  a  cannon,  rifle  or 
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pistol  fire,  etc.  These  sounds  are  produced  by  the  fall  and  deceleration 
of  a  massive  meteorite  or  of  several  fragments. 

There  are  also  a  significant  number  of  reports  concerning  sounds 
heard  while  the  bolide  was  still  descending  from  the  sky,  perhaps  a 
hundred  kilometers  .'ibove  the  ground.  These  sounds  are  described  as 
hissing,  swishing,  whizzing,  whirring,  buzzing,  and  crackling,  and  are 
attributed  to  bolides  with  an  average  apparent  magnitude  of  -13 
(about  the  brightness  of  the  full  moon).  Such  noises  could  not  have 
propagated  all  the  way  from  the  meteorite,  since  sound  travels  too 
slowly. 

At  one  time  it  was  believed  that  people  who  observed  bolides  imagined 
the  sounds,  as  a  psychological  association  with  noise  from  sparklers  and 
other  fireworks.  Meteor  sounds  are  now  regarded  as  physical  effects. 

On  several  occasions  the  observer  first  heard  the  noise  and  then  looked 
upward  to  seek  the  cause.  (Similar  noise  has  also  been  reported  during 
times  of  auroral  activity.) 

One  hypothesis  is  that  low  frequency  electromagnetic  radiation  is 

emitted  by  bright  bolides  and  detected  by  human  sense  organs.  Human 

subjects  exposed  to  radar  beams  of  low  intensity  have  perceived  sensations 

of  sound  described  as  buzzing,  clicking,  hissing,  or  knocking,  depending 

on  the  transmitter  characteristics.  A  pulse-nodulated  signal  with  a 

2 

peak  electromagnetic  radiation  flux  of  4  watt/m“  at  the  observer  was 
perceived  as  sound  by  subjects  whose  audible  hearing  was  good  above 
5  kHz.  If  the  background  noise  exceeded  90  decibels,  the  radio  frequency 
sound  was  masked,  but  earplugs  improved  the  reception. 

During  the  fall  of  one  of  the  largest  bolides,  near  Sikhote-Al in, 
near  Vladivostok  (USSR),  an  electrician  on  a  telephone  pole  received 
a  strong  electric  shock  from  disconnected  wires  at  the  instant  the  bolide 
became  visible.  The  shock  may  have  been  due  to  other  causes,  but  the 
possibility  of  strong  electromagnetic  effects  is  not  ruled  out. 
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At  present,  measurements  made  during  smaller  meteor  events  (of 
the  dust  ball  variety)  give  no  indication  of  significant  radio  emission. 
Magnetic  effects  are  insignificant. 

Another  conjecture  is  that  atomic  collisions  in  the  vicinity  of  a 
meteorite  bring  about  a  separation  of  charge  along  the  ionization  trail 
of  the  bolide.  For  coronal  discharge  effects  to  occur  at  ground  level, 
however,  the  bolide  would  have  to  separate  many  thousands  (or  even  tens 
of  thousands)  of  coulombs  about  30  km.  along  its  ionization  trail.  Such 
a  process  seems  unlikely. 

The  noises  which  appear  simultaneously  with  the  bolide  are  not 
understood.  If  strong  electrical  fields  accompany  a  bolide,  other  effects 
such  as  lightning  or  ball  lightning  may  occur.  Both  lightning  and  hall 
lightning  have  occasionally  been  reported  in  clear  non-stormy  weather. 
There  are  also  several  reports  of  large  chunks  of  ice  falling  out  of 
cloudless  skies.  They  are  not  believed  to  have  fallen  from  aircraft. 

The  ice  chunks  may  arise  from  electrical  effects  of  bolides,  or  (more 
probably)  may  be  the  meteorites  themselves. 

16.  Micrometeorites  of  Antimatter 

The  existence  of  anti-protons,  anti-electrons,  anti-neutrons,  etc. 
is  no  longer  a  subject  for  speculation.  A  particle  and  its  anti -particle 
annihilate  one  another  on  contact,  creating  radiant  energy.  Consequently, 
we  do  not  find  antimatter  on  the  earth.  It  is  not  known  how  much  anti¬ 
matter  exists  elsewhere  in  the  universe. 

In  June  of  1908,  a  bolide  of  enormous  magnitude  fell  near  the 
Ttinguska  River  about  800  km.  north  of  Lake  Baikal  in  Siberia.  The 
light  was  possibly  as  bright  as  the  sun  and  was  seen  over  a  radius  of 
700  to  1000  km.  Acoustic  noises  from  the  shoe*  were  heard  as  far  away 
as  1000  km.  No  trace  of  a  crater  has  ever  been  found,  but  within  a 
radius  of  40  km.,  exposed  trees  were  flattened  with  their  tops  point¬ 
ing  radially  away  from  the  epicenter.  Witnesses  felt  intense  heat  on 
their  skin.  Metal  objects  near  the  impact  point  were  melted.  Trees 

were  scorched  for  18  km  around.  An  earthquake  was  detected  on  seismographs 
at  the  Irkutsk  Magnetic  and  Meteorological  Observatory  which  corresponds 
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in  time  to  the  impact  of  the  bolide.  Barometric  waves  circled  the  globe. 
Magnetic  disturbances  were  reported  on  many  continents.  The  energy 
released  by  the  Tunguska  bolide  is  estimated  between  10^  and  10*  joules 
(.the  energy  range  of  hydrogen  bombs)  . 

Several  million  tons  of  dust  may  have  been  injected  into  the  atmos¬ 
phere.  For  several  weeks  after  the  event,  luminous  clouds  in  Europe  and 
Western  Siberia  made  it  possible  in  certain  areas  tc  read  at  midnight  under 
the  open  sky.  The  observatory  at  Irkutsk  could  not  see  the  stars.  A 
traveller  noted  in  his  diary  that  night  never  came.  The  nature  of  these 
luminous  clouds  is  still  a  matter  of  debate. 

The  composition  of  the  bolide  and  the  cause  of  the  explosion  are  not 
known.  A  very  massive  meteorite  should  impact  with  the  ground  and  leave 
a  large  crater  (even  though  the  meteorite  and  part  of  the  ground  would 
be  immediately  vaporized).  The  Tunguska  bolide,  however,  apparently 
exploded  some  3  km  or  so  above  ground  level. 

Several  hypotheses  have  been  advanced  concerning  the  nature  of  the 
bolide  and  the  explosion:  (1)  a  meteorite  of  large  initial  mass  with  an 
almost  horizontal  trajectory;  (2)  a  collision  with  a  comet  containing  an 
ice  or  dust  nucleus;  (3)  a  high  energy  chemical  reaction  initiated  by 
radicals  in  a  head  of  a  comet;  (4)  a  nuclear  explosion  initiated  by  the 
shock  wave  of  a  large  meteorite;  (5)  an  antimatter  meteoroid  of  a  few 
hundred  grams. 

The  first  two  hypotheses  are  conventional.  Even  so,  it  is  extremely 
difficult  to  evaluate  quantitatively  the  optical,  acoustical,  and  thermal 
effects  that  might  occur  under  all  possible  circumstances.  The  remaining 
hypotheses  were  proposed  to  explain  the  thermal  effects. 

The  fourth  hypothesis  seems  unlikely.  A  fission  reaction  of  such 
magnitude  would  require  that  large  almost-critical  masses  of  fissionable 
material  be  suddenly  brought  together.  A  fusion  reaction  would  require 
an  initial  temperature  of  several  million  degrees  Kelvin.  Neither  of 
these  possibilities  seems  reasonable. 

The  fifth  hypothesis  has  measurable  consequences.  When  matter  and 
antimatter  come  into  contact,  they  annihilate  each  other,  and  produce  gamma 
ray,  kaons,  and  pions.  If  an  antimatter  meteoroid  were  to  collide  with  the 
atmosphere,  negative  pions  would  be  produced.  The  nuclei  of  the  surround¬ 
ing  air  atoms  would  absorb  the  negative  pions  and  release  the  neutrons. 
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Nitrogen  nuclei  would  capture  the  neutrons  and  be  turned  into  radioactive 
carbon  14.  As  carbon  dioxide,  the  radiocarbon  would  be  dispersed  through¬ 
out  the  atmosphere  and  be  absorbed  by  living  organisms. 

The  energy  of  the  Tunguska  bolide  was  estimated  from  a  study  of 
the  destruction  that  occurred.  The  initial  quantity  of  antimatter  and 
the  amount  of  radioactive  carbon  dioxide  produced  was  then  estimated. 
Sections  of  trees  which  grew  in  1908  were  analysed  for  radiocarbon. 

The  conclusion  of  several  scientists  is  that  the  Tunguska  meteor  was 
probably  not  composed  of  antimatter.  The  best  guess  is  that  a  comet 
collided  with  the  earth  in  June,  1908. 

Nevertheless,  the  hypothesis  of  antimatter  meteorites  is  intriguing. 
If  a  significant  amount  of  antimatter  does  exist  in  the  universe,  it  is 
possible  that  antimatter  supernovae  might  eject  tiny  grains  of  anti-mass 
at  relativistic  speeds.  Such  a  grain  might  penetrate  our  galaxy  and 
collide  with  the  earth's  atmosphere.  Entering  at  relativistic  speeds, 
the  grain  might  survive  until  it  reached  the  troposphere.  A  fraction 
of  a  microgram  of  antimatter  would  destroy  an  equal  mass  of  matter  and 
release  many  mega joules  of  energy,  perhaps  creating  luminous  spheres. 
However,  the  annihilation  of  a  fast  antimatter  meteorite  has  never 
been  calculated  in  detail,  and  possible  visual  effects  are  unknown. 
Moreover,  since  small  grains  of  antimatter  would  leave  virtually  no 
trace,  this  hypothesis  remains  as  pure  speculation. 

17.  Plasma  Theories  for  UFOs 

Two  articles  and  one  popular  book  have  been  written  on  plasma 
interpretations  of  UFOs  by  P.  J.  Klass.  Klass  was  impressed  by  reports 
of  UFOs  in  close  association  with  high  tension  power  lines  near 
Exeter,  New  Hampshire.  Many  popular  books  assert  that  UFOs  are  extra¬ 
terrestrial  spaceships  which  hover  over  power  lines  to  refuel.  Klass 
believes  that  some  UFOs  are  an  unusual  form  of  coronal  discharge 
analogous  to  St.  Elmo's  fire. 
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In  his  first  article,  ball  lightning  is  assumed  to  be  a  manifesta¬ 
tion  of  extreme  coronal  discharge.  Klass  points  out  that  ball  lightning 
and  the  Exeter  UFOs  compare  favorably  with  regard  to  color,  shape,  sound, 
dynamics,  lifetime,  and  size.  According  to  those  reports,  the  diameters 
of  the  UFOs  ranged  from  the  size  of  a  basketball  to  60  meters.  This  size 
range  may  be  due  to  the  difficulty  of  making  distance  estimates  at  night 
without  visible  reference  points.  Exeter  is  close  enough  to  the  sea  for 
salt  to  form  on  high  tension  wires  and  had  very  little  rainfall  that 
summer  to  wash  away  the  salt,  thus  providing  points  from  which  coronal 
discharge  could  occur. 

Criticisms  are  (1)  that  other  seacoast  towns  with  high  tension  wires 
did  not  report  UFO  activity  during  the  drought  period,  and  (2)  the  lumi¬ 
nosity,  although  near  the  wires,  was  occasionally  some  angular  distance 
away . 

Klass  also  examined  other  UFO  reports  including  those  seen  at  air¬ 
craft  altitudes.  In  his  second  article,  which  is  concerned  with  the 
general  UFO  problem  he  asserts  that  ball  lightning  may  occur  under  many 
situations,  and  consequently  may  be  the  cause  of  many  unusual  UFO  sight¬ 
ings.  Various  aspects  of  ball  lightning  and  the  laboratory  creation  of 
luminous  plasma  by  microwaves  and  gas  discharges  are  briefly  discussed. 
Klass  argues  that  plasma  blobs  would  have  the  same  characteristics  and 
would  cause  the  same  effects  as  those  occasionally  attributed  to  UFOs, 
including  the  abrupt  (sometimes  explosive)  disappearances,  maneuvers 
near  aircraft,  rapid  accelerations,  stalled  automobiles,  heat,  prickling 
sensations,  irritated  eyes,  etc.  He  discusses  one  observation  of  an  UFO 
seen  through  Polaroid  sunglasses  and  one  report  of  an  agitated  magnetic 
compass. 

The  book,  ’JFOe  Identified ,  is  an  expanded  version  of  the  two  arti¬ 
cles,  and  contains  background  of  the  author's  investigation.  He 
discusses  ball  lightning,  the  behavior  and  appearance  of  UFOs,  radar 
and  photographic  evidence,  the  various  reactions  to  his  articles,  and 
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an  account  of  a  couple  who  claim  they  were  held  prisoner  in  an  UFO.  The 
book  does  not  attempt  to  summarize  any  of  the  fundamental  principles  of 
atmospheric  electricity,  plasma  physics,  or  atmospheric  dynamics. 

About  reports  of  automobiles  stalled  near  UFOs.  Klass  writes: 
"Because  a  plasma  contains  a  cloud  of  electrified  particles,  there  is 
no  doubt  that  if  an  auto  battery  were  enveloped  by  such  a  plasma  the 
battery  could  be  short-circuited.  But  it  is  difficult  to  explain  how 
an  UFO-plasma  could  gain  entry  to  the  car  battery  in  the  engine  compart¬ 
ment  without  first  dissipating  its  energy  to  the  metal  body  of  the 
car.  Another  possible  explanation  is  based  on  the  fact  that  an  electric 
charge  in  the  vicinity  of  a  conducting  surface,  such  as  a  car's  hood, 
creates  a  mirror  image  of  itself  on  the  opposite  side  of  the  conducting 
surface."  The  implication  here  is  mistaken:  the  image  charge  discussed 
in  electrical  theory  is  not  an  actual  charge  on  the  other  side  of  a 
metal  shield,  but  a  mathematical  fiction  that  is  used  to  describe  the 
alteration  of  the  electric  field  by  redistribution  of  electric  charges 
on  the  metal  shield. 

Alleged  automobile  malfunctions  are  discussed  in  Section  III, 
Chapter  5  of  this  report,  and  was  purposely  omitted  here.  However, 
a  few  remarks  may  be  in  order.  As  Klass  points  out,  some  motorists 
have  reported  that  both  headlights  and  engine  failed.  Others  have 
reported  that  only  the  engine  or  only  the  headlights  failed.  Often 
police  cars  have  chased  UFOs  for  tens  of  kilometers  so  engine  failure 
does  not  always  occur.  Moreover,  no  unusual  magnetic  patterns  have 
so  far  been  detected  in  auto  bodies. 

When  radar  was  secretly  being  developed  by  the  RAF  prior  to 
the  London  Blitz  (World  War  II),  some  of  the  local  people  of  Burnham- 
on-Crouch  were  convinced  that  the  mysterious  masts  recently  erected  had 
stopped  passing  automobiles.  Presumably  when  the  purpose  of  radar 
became  known,  cars  were  no  longer  stalled. 

In  addition  to  ball  lightning  and  coronal  discharge,  he  also 
suggests  tornado  clouds  with  no  funnel  to  ground,  luminescence  generated 
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during  snowstorms,  rotating  dust  vortices,  and  small  charged 

ice  crystals.  Another  one  of  his  ideas  is  that  occasionally  a  highly 

charged  aircraft  may  release  ions  into  a  large  wingtip  vortex. 

The  vortex  remains  luminous  for  awhile,  to  be  encountered  shortly 
thereafter  by  another  aircraft.  Although  coronal  effects  occur  on 
aircraft  surfaces,  it  is  unlikely  that  a  lightning  ball  could  detach 
from  an  aircraft  and  remain  luminous  for  more  than  a  few  seconds. 

18.  Plasma  UFO  Conference 

On  27  and  28  October  1967,  several  physicists  expert  in  either 
plasma  physics  or  atmospheric  electricity  met  in  Boulder,  Colo,  to 
discuss  the  UFO  problem  with  staff  members  of  this  project. 
Participants  in  the  plasma  UFO  conference  were: 

Marx  Brook:  New  Mexico  Inst,  of  Mining  and  Technology 
Keith  A.  Brueckner:  University  of  California  (San  Diego) 

Nicholas  C.  Christofilos :  University  of  California  (Livermore) 
Ronald  T.  H.  Collis:  Stanford  Research  Institute 
Edmond  M.  Dewan:  Air  Force  Cambridge  Research  Lab. 

Herman  W.  Hoerlin:  Los  Alamos  Scientific  Lab. 

Bemd  T.  Matthias:  University  of  California  (San  Diego) 

Arnold  T.  Nordsieck:  Santa  Barbara,  California 
Marshall  N.  Rosenbluth:  James  Forrestal  Research  Center 
John  H.  Taylor:  University  of  California  (San  Diego) 

UFO  Study  Members 

Various  aspects  of  atmospheric  electricity  were  reviewed,  such  as 
ball  lightning,  and  tornado  and  earthquake  luminescence.  Unusual 
UFO  reports  were  presented  for  discussion.  These  included  a  taped 
report  by  a  B-47  pilot  whose  plane  was  paced  for  a  considerable  time 
by  a  glowing  object.  Ground  radar  reported  a  pacing  blip  which 
appeared  to  be  16  km  from  the  aircraft.  After  review  the  un¬ 
animous  conclusion  was  that  the  object  was  not  a  plasma  or  an 
electrical  luminosity  produced  by  the  atmosphere. 
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Participants  with  a  background  in  theoretical  or  experimental 
plasma  physics  felt  that  containment  of  plasma  by  magnetic  fields 
is  not  likely  under  atmospheric  conditions  for  more  than  a  second  or 
so.  One  participant  listed  the  characteristics  that  would  be  ex¬ 
pected  to  accompany  a  large  plasma.  These  are  (1)  thermal  emission, 
(2)  production  of  ozone  and  odor  of  N^O,  (3)  convective  air  motions, 
(4)  electrical  and  acoustic  noise,  (5)  unusual  meteorological  con¬ 
ditions. 

Another  plasma  physicist  noted  that  a  plasma  explanation  of 
certain  UFO  reports  would  require  an  energy  density  large  enough 
to  cause  an  explosive  decay.  Atmospheric  physicists,  however,  re¬ 
marked  that  several  reports  of  ball  lightning  do  indicate  unusually 
high  energy  densities. 

All  participants  agreed  that  the  UFO  cases  presented  contained 
insufficient  data  for  a  definitive  scientific  conclusion. 
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Chapter  8 

Balloons  -  Types,  Flight  Profiles  and  Visibility 
Vincent  E.  Lally 


1 .  Types  of  balloons 

Three  kinds  of  balloons  can  give  rise  to  UFO  sightings:  neoprene 
or  rubber  balloons  which  expand  during  ascent  from  six  feet  to  30  ft. 
in  diameter;  polyethylene  balloons  which  are  partially  inflated  on  the 
ground  and  fill  out  at  float  altitude  to  a  diameter  of  100  ft.  to  400  ft.; 
and  small  super-pressure  balloons  called  "ghost"  balloons. 

Neoprene  balloons 

When  neoprene  or  rubber  balloons  which  are  used  to  carry  radiosondes 
begin  their  ascent,  they  have  a  diameter  of  six  feet.  They  continue  to 
expand  as  they  rise,  and  the  balloons  that  reach  an  altitude  of  140,000  ft. 
are  55  ft.  in  diameter.  All  of  these  balloons  shatter  when  they  reach 
a  volume  at  which  a  weakness  develops.  One  of  these  balloons  has  flown 
as  high  as  156,000  ft.,  higher  than  the  largest  polyethylene  balloons. 

These  balloons  are  used  to  make  measurements  of  air  temperature,  humidity, 
and  winds.  Approximately  90%  of  the  neoprene  balloons  reach  80,000  ft.; 
probably  50%  of  them  reach  100,000  ft.  The  neoprene  balloon  at  any 
altitude  has  a  brighter  reflectance  tfu.n  either  the  polyethylene  or  the 
"ghost"  balloon.  It  is  opaque  on  the  ground.  As  it  rises  and  expands, 
its  skin  becomes  thinner  and  reflects  and  scatters  light.  They  are 
used  in  quite  laroe  numbers  in  many  places  for  routine  observation 
because  of  their  low  cost.  About  100,000  of  these  a  year  are  flown  in 
the  United  States,  with  most  launches  at  scheduled  times  from  airports 
and  military  installations.  During  their  ascent  up  to  20,000  ft.,  the 
neoprene  balloons  are  visible  to  the  naked  eye  during  the  daytime,  out 
once  they  attain  an  altitude  of  20,000  ft.  or  higher  they  cannot  be 
seen  from  the  ground. 

Super-pressure  balloons 

The  other  small  balloons  are  the  super-pressure  "ghost"  balloons. 

In  general  these  have-  payloads  of  a  few  grams.  The  balloons  are  usually 


spherical  and  size  is  a  function  of  altitude;  five  feet  in  diameter  at 
20,000  ft.,  seven  feet  at  40,000  ft.,  ten  feet  at  60,000  ft.  A  few 
larger  balloons  have  been  flown  at  higher  altitudes.  Over  300  super¬ 
pressure  balloons  have  been  flown  in  the  Southern  Hemisphere.  Several 
balloons  have  flown  for  over  300  days  in  the  Southern  Hemisphere  with 
two  balloons  still  flying  which  have  been  in  the  air  for  more  than  11 
mo.  Not  more  than  20  long  duration  flights  have  been  made  in  the 
Northern  Hemisphere. 

Polyethylene  balloons 

At  launch  polyethylene  balloons  are  filled  with  a  gas  bubble 

varying  from  20  -  70  ft.  in  diameter.  Twenty  feet  of  gas  will  lift 

a  small  balloon  to  100,000  ft.  A  70-ft.  bubble  is  required  to  carry 

the  Stratosccpe  II  with  a  7,000-lb.  telescope.  Scientists  flying  this 

type  of  balloon  usually  want  to  attain  altitudes  between  80,000  and 

120,000  ft.  to  gather  data  on  atmospheric  radiation  or  composition. 

The  "cosmic  ray  community"  is  the  largest  user  of  "ghost"  balloons. 

The  diameter  of  these  balloons  at  altitude  is  anywhere  from  60  -  250  ft. 

The  250-ft.  size  is  for  the  Stratoscope  II  system.  The  largest  balloons, 

those  approx imateing  300  ft.,  are  designed  for  very  high  altitudes. 

7 

The  largest  balloon  that  has  been  flown  to  date  holds  2.6  x  10  cu.  ft. 
of  gas  and  is  just  under  400  ft.  in  diameter.  There  are  a  large  number 
of  10,000,000  cu.  ft.  balloons  being  flown  approximately  half  from 
Palestine,  Tex.  A  few  years  ago  the  most  common  balloon  was  the 
3,000,000  cu.  ft.  size. 

2.  Visibility 

The  relative  visibility  of  a  balloon  depends  on  its  type,  size, 
material,  time-of-day,  and  altitude.  The  human  eye  can  usually  detect 
a  balloon  against  a  bright  sky  background  when  the  intercepted  arc  is 
0.5  mil  or  greater.  The  radiosonde  balloon  is  visible  in  daylight  to 
a  distance  of  two  to  four  miles.  During  ascent,  the  "ghost"  balloon 
is  visible  against  the  bright  sky  background  at  a  distance  of  about 
two  miles.  At  altitude  the  intercepted  arc  of  "ghost"  balloon  varies 
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from  between  0.2  -  0.6  mil.  The  polyethylene  balloon  provides  a 
target  of  one  to  two  mils  at  altitude. 

The  large  polyethylene  balloons  absorb  about  5%  of  sunlight; 
however,  they  scatter  and  reradiate  as  much  as  20  -  30%  of  the  inci¬ 
dent  light.  This  scattering  is  very  much  a  function  of  angle.  Polyethylene 
balloons  are  always  visible  at  altitude  during  daylight  hours  when  the 
sky  is  clear.  It  is  often  difficult  to  focus  the  eyes  on  the  balloon, 
but  once  seen  it  is  easy  to  relocate  the  balloon.  Ihe  "ghost"  balloon 
is  not  visible  above  20,000  ft.  during  daylight  hours. 

Polyethylene  balloons  are  shaped  more  like  a  pear  than  a  sphere, 
although  they  always  appear  spherical  from  the  ground  to  the  naked  eye. 

Glass  fiber  tapes  affixed  to  the  gore  seams  are  used  to  strengthen 
polyethylene  balloons  carrying  heavy  payloads.  Observed  from  the  ground 
through  a  telescope,  a  shell  effect  gives  a  taped  balloon  a  saucer-like 
appearance.  The  tape  itself,  which  is  the  basic  reflecting  element, 
is  quite  shiny  and  reflects  well.  On  very  lightly  loaded  systems  the 
balloons  are  tapeless;  heavier  loads  require  the  glass  fiber  tapes. 

As  seen  through  the  telescope,  then,  the  taped  balloons  appear  much 
shinier  and  are  distinguished  by  their  scalloped  appearance. 

3.  Derelicts  and  cutdown 

Another  phenomenon  that  might  be  witnessed  by  an  observer  during 
the  day  is  what  is  know:  as  the  "cutting  down"  of  a  balloon.  When  the 
decision  has  been  made  to  terminate  a  balloon's  flight,  the  tracking 
aircraft  will  send  a  destruct  signal  to  the  balloon's  control  and 
command  mechanism  and  a  squib  will  fire.  This  will  detach  the  payload 
and  shatter  the  ballocn.  The  payload  is  then  tracked  by  the  plane  as 
it  parachutes  to  the  ground.  Occasionally,  however,  the  balloon  will 
not  shatter. 

The  shattering  of  a  balloon  during  payload  detachment  is  easily 
visible  (especially  in  the  late  afternoon  or  early  morning).  However, 
the  entire  operation  is  no" .  The  payload  chute  is  only  60  ft.  in 
diameter  so  that  it  is  barely  visible.  The  tracking  plane  which  sends 
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the  destruct  signal  may  be  30  -  40  mi.  away  from  the  balloon.  The 
"cutting  down"  of  a  balloon  is  usually  accomplished  one  or  two  hours 
before  sunset  or  just  after  dawn  so  that  the  pilot  can  visually  track 
the  parachute  down.  When  the  balloon  does  shatter,  a  large  part  of 
the  balloon  comes  down  in  one  piece  as  a  flapping  mass.  Iherc  is 
little  side  motion  or  apparent  hovering.  Its  speed  of  decent  depends 
on  how  the  balloon  breaks  up. 

With  improved  balloon  materials,  there  were  a  number  of  cases  in 
1966  where  the  balloon  did  not  shatter  but  continued  its  ascent. 

Normally,  if  the  balloon  does  not  shatter,  it  should  rise  so  fast 
after  the  shock  that  the  gas  does  not  escape  rapidly  enough  to 
prevent  bursting.  Occasionally  the  balloon  will  begin  to  stretch, 
and  if  there  is  no  weakness  in  it,  the  balloon  could  remain  aloft  at 
that  higher  altitude  for  four  or  five  days.  It  might  fly  at  130,000 
or  140,000  ft.  until  sunset  at  which  time  the  gas  will  cool,  reducing 
the  volume  by  5\.  Ibis  causes  the  balloon  to  descend  a  few  thousand 
feet.  In  daytime,  at  high  altitudes  the  balloon's  skin  tends  to  run 
colder  than  the  atmospheric  temperature.  As  the  balloon  cools  in  the 
evening,  it  starts  to  descend  because  it  has  lost  its  volume.  When 
it  gets  to  approximately  60,000  -  70,000  ft.,  where  the  atmospheric 
temperatures  are  colder,  the  balloon  is  warmer  than  ambient  temperature. 
It  then  picks  up  the  5«  lost  solar  heat  and  continues  to  float  along 
at  this  altitude  until  the  next  morning  when  it  warms  up  and  returns, 
to  maximum  altitude. 

For  example,  a  1,000,000  cu.  ft.  balloon,  launched  in  France 
came  down  in  Montana  in  August  1966,  after  having  remained  aloft  for 
27  days.  This  balloon  had  been  traveling  at  60,000  to  100,000  ft. 

4 .  Balloon  motion 

Actual  balloon  movement  during  the  day  is  no  more  discernible  than 
the  movement  of  hands  on  a  clock.  At  many  times  a  balloon  will  appear 
to  move  if  there  are  clouds  in  the  sky  just  as  a  flagpole  might  seem 
to  fall  over  when  one  is  looking  at  it  while  lying  on  his  back.  The  moon 
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demonstrates  this  same  phenomenon  when  it  seems  to  move  across  fields 
and  jump  fences  while  looked  at  from  a  moving  automobile.  Anytime  there 
are  clouds,  a  balloon  may  appear  to  move  at  extreme  speed. 

A  small  balloon  observed  in  the  first  few  thousand  feet  of  ascent, 
of  course,  will  be  quite  obviously  moving.  Our  very  large  balloons 
climb  at  a  rate  of  700  -  1,000  ft/min;  radiosonde  balloons  ascend  at 
1,000  -  1,200  ft/min.  As  these  balloons  reach  higher  altitudes,  they 
could  encounter  strong  wind  shears  (changes  in  velocity  associated  with 
changes  in  altitude)  of  the  order  of  30  knots/1, 000  ft.  Hence, 
velocity  could  change  by  as  much  as  30  knots  in  a  minute,  but  even  this 
would  not  make  a  large  change  in  position.  The  angular  movement  would 
always  be  small  over  any  one-minute  period. 

With  respect  to  da 'light  sightings,  pilots  invariably  estimate 
that  balloons  they  see  are  considerably  lower  than  their  true  height, 
lor  example,  a  pilot  flying  at  30,000  or  40,000  ft.  will  always  report 
that  the  balloon  is  between  10,000  and  40,000  ft.  above  him.  lie  will 
never  say  it  is  100,000  ft.  above  him.  The  difficulty  arises  because 
no  one  conceives  of  a  balloon  300  ft.  in  diameter.  There  is  no  depth 
to  the  balloon  and  no  background  which  permits  an  estimate  of  either 
size  or  distance. 

A  frequent  occurrence  in  Boulder,  Colo.,  when  searching  for  a 
balloon  which  has  been  recently  launched,  is  to  focus  on  the  fluffy 
balls  from  a  cottonwood  tree  floating  !>0  -  1 0n  ft.  above  the  observer. 
The  cottonwood  ball  has  been  tracked  on  several  occasions  for  two  to 
three  minutes  before  its  motion  convinced  the  observer  that  it  was 
a  one- inch  cottonwood  ball  at  10(1  ft.  and  not  a  10-ft.  balloon  at 
10,000  ft. 

5 .  Twilight  effects 

Just  after  sunset,  a  balloon  may  still  be  in  sunlight.  At  this 
time  the  contrast  becomes  sharp  and  the  balloon  is  clearly  visible. 

A  good  bright  balloon  appears  at  least  as  bright  as  the  brightest 
we  ever  see  Venus  when  the  planet  is  high  in  the  sky  :  This  "twilight 
effect"  may  continue  from  20  min.  to  two  hours. 
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At  high  altitudes  we  have  another  striking  effect  for  the  last 
few  minutes  before  the  sun  sets  at  balloon  altitude.  This  is  caused 
by  the  sun  reflecting  off  the  balloon  producing  a  rosy  pink  and  later 
bright  red  color  as  the  sun's  rays  pass  through  a  hazy  atmosphere  and 
only  the  red  end  of  the  spectrum  reaches  the  balloon.  This  has  gencra*ed 
reports  of  fiery  objects  in  the  sky. 

The  neoprene  balloons  are  also  visible  at  twilight.  *n  Australian 
scientist  made  experiments  at  NCAR  for  about  a  vear  using  a  new  technique 
for  measuring  ozone.  He  flew  a  neoprene  balloon  with  a  little  stopper 
attached  which  permitted  the  gas  to  escape  and  enabled  the  balloon  to 
remain  aloft  for  one  or  two  hours  at  altitude  instead  of  ascending  and 
bursting.  To  make  measurements  of  the  reflectance  of  the  sun  on 
the  balloon  and  determine  the  ozone  concentration,  he  launched  the 
balloons  so  that  they  would  reach  100,000  ft.  above  the  observing  site 
just  after  sunset.  These  balloons  were  plainly  visible  about  sunset, 
continued  to  become  brighter  and  brighter,  and  then  receded  to  a  faint 
glow  before  disappearing. 

b.  Lighted  balloons 

Small  rubber  pilot  balloons  are  still  being  used  in  many  countries. 
For  night  soundings  these  two-foot  diameter  rubber  balloons  are  tracked 
by  small  candles  placed  under  the  balloon.  A  single  candle  in  a  little 
holder  has  been  used.  The  holder  creates  an  even  glow  and  keeps  the 
candle  from  going  out.  The  candle  has  been  replaced  in  most  countries 
by  small  battery-powered  bulbs  of  approximately  two  candle  power. 

Although  the  pilot  balloon  tracked  by  theodolite  is  no  longer  in  common 
use  in  the  U.  S. ,  a  light  is  still  used  on  radiosonde  balloons  at 
night  to  assist  the  observer  to  acquire  the  balloon,  particularly  if 
the  night  is  dark  and  the  trackers  have  had  difficulty  locking  the 
radar  set  on  the  target.  The  blinking,  bobbing  light  swaying  under  a 
pilot  balloon  or  radiosonde  balloon  produces  an  exciting  and  attractive 
UFO.  The  FAA  requires  ui*t  large  polyethylene  scientific  balloons 
carry  lights  when  below  60,000  ft.  at  night.  They  can  provide  an 
awesome  sight  as  they  slowly  ascend. 
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7 .  Frequency  of  flights 

About  100  polyethylene  talloons  are  flown  each  year  from  Palestine, 
lex.  San  Angelo,  Tex.  has  been  an  active  launcli  area  with  as  ninny  as 
100  -  200  per  year.  Chico,  Calif.,  during  the  winter  months  has  about 
ten  flights,  and  Holloman  AFB,  N.  M.  (White  Sands),  has  approximately 
SO  -  100  per  year.  Minneapolis  remains  still  a  center  of  balloon 
activities  with  20  -  SO  flights  per  year  --  usually  of  small  polyethylene 
ba 1  loons . 

In  addition,  there  are  other  field  programs  during  the  year  that 
are  undertaken  by  universities  and  manufacturers.  Ten  to  20  flights 
are  made  from  Cardington,  l.ngland  each  summer.  A  continuing  flight 
program  is  conducted  from  Aire  sur  I'Adior,  France.  Australia,  Uussia, 
India,  and  Uracil  have  active  flight  programs  using  large  polyethelene 
ba 1  loons . 

About  100,000  of  the  small  neoprene  balloons  are  flown  each  year 
in  the  United  States  for  routine  observation.  Radiosonde  balloon 
flights  constitute  a  vast  undocumented  area.  They  arc  generally 
sent  up  four  times  a  day.  Flight  schedules  are  all  based  on  Greenwich 
time.  At  some  times  of  the  year  at  some  places  in  the  country,  the 
balloons  will  be  going  into  altitude  at  twilight.  There  are  approximately 
100  sites  in  the  United  States  that  send  up  radiosondes  four  times  a 
day.  Records  of  launch  time  and  location  for  these  balloons  are  Kept 
in  Asheville,  N.  C. 

A  radiosonde  balloon  ascending  to  100,000  ft.  at  twilight  and  then 
shattering  can  be  the  source  of  reports  of  a  fiery  object  in  tiie  skies 
which  disappears  in  a  burst  of  flame. 

8 .  Balloon  UFOs 

Two  situations  are  illustrated  that  have  produced  UFO  reports. 

In  .January  l‘X>4,  i  large  balloon  was  flown  from  the  Ulen  Canyon  Dam 
area  near  Pago ,  Ari z .  It  was  a  6,000,000  cu.  ft.  balloon  with  a  light 
payload.  The  balloon,  which  was  flying  at  135,000  ft.,  had  encountered 
extremely  strong  winds.  About  three  hours  after  it  readied  altitude 
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it  was  decided  to  cut  the  balloon  down.  By  this  time  the  balloon  was 
over  Okla.  It  did  not  burst  during  payload  detachment,  but  maintained 
its  integrity  and  continued  to  ascend  to  140,000  ft.  When,  just  after 
sunset,  it  came  over  the  Bast  Coast  at  140,000  ft.,  a  number  of  pilot 
reports  were  received  of  a  balloon  sighted  at  60,000  -  70,000  ft. 

Because  it  was  at  twilight  on  a  very  clear  day,  a  number  of  people  saw 

the  balloon.  This  triggered  a  rash  of  flying  saucer  stories.  For 
example,  in  Va.  the  people  of  a  small  town  gathered  a  posse  together  to 
go  out  into  a  field  to  pick  up  the  little  green  men.  The  sherrif 
attempted  to  halt  them,  but  after  a  gun-waving  encounter  was  forced 
to  give  up.  The  towns  people  then  went  out  into  the  field  and  fortunately 
failed  to  find  their  little  men. 

At  altitudes  of  5,000  -  10,000  ft.  we  fly  a  different  kind  of 

"ghost"  balloon.  This  cylinder-shaped  balloon  is  approximately  20  ft. 

long  ar.d  about  two  feet  in  diameter.  We  flew  one  of  these  from  Boulder 
on  23  June  1965  at  an  altitude  of  6,500  ft.  We  lost  the  balloon 
after  a  few  hours.  It  went  through  some  rather  heavy  showers,  and 
seventeen  days  later  over  the  Azores  a  silvery  object  like  a  long 
spear  was  sighted  in  the  sky.  At  the  same  time  as  the  silvery  object 
was  seen  --  all  of  the  clocks  on  the  Azores  stepped.  Later  investigation 
determined  that  an  electrician  short-circuited  the  island's  clock  power 
supply  while  he  was  working  on  a  fuse  box. 

9.  Conclusions 

The  public  at  large  and  even  many  scientists  are  unaware  of  the 
great  number  of  balloon  launchings  that  occur  every  year  in  all  parts 
of  the  world.  The  majority  of  such  launchings  are  for  meteorological 
studies,  but  some  relate  to  other  atmospheric  or  astronomical  research. 

By  far  most  of  the  balloons  launched  for  whatever  purpose  go 
unobserved  except  by  those  directly  interested  in  their  performance. 

They  perform  their  missions  and  are  cutdown  or  burst  unnoticed  by  the 
public.  This  is  due  to  the  fact  that  most  launchings  take  place  at 
times  and  under  conditions  which  make  observation  --  and  misidentification 
of  them  unlikely  or  impossible.  As  a  result,  when  a  balloon  is  observed 
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under  unusual  conditions  by  individuals  not  familiar  with  the  kinds 
of  devices  described  in  this  chapter  it  may  be  erroneously  reported 
as  an  UFO. 
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Chapter  9 

Instrumentation  for  UFO  Searches 
Frederick  Ayer  II 


1.  Introduction 

Most  of  the  thousands  of  existing  reports  of  UFO  phenomena 
are  poor  sources  of  information.  They  contain  little  or  no  data, 
are  reports  of  hoaxes,  or  are  the  result  of  misidentification  of 
familiar  objects.  Only  a  very  small  percentage  of  these  reports 
provide  concrete  information  from  which  any  inferences  can  be 
drawn. 

The  need  for  instrunented  observation  of  UFO  phenomena  arises 
from  the  fact  that  an  observer's  unaided  senses  arc  not  reliable 
recorders  of  scientific  data.  Further,  the  ability  of  an  observer 
to  supply  useful  information  is  affected  by  his  training,  his  state 
of  mind  at  the  time  of  the  observation,  and  his  suggestibility,  both 
during  and  after  the  event.  Accuracy  requires  instrunents  to  measure 
precisely  data  such  as  angles,  apparent  or  real  velocities,  distance, 
color,  and  luninanee. 

Even  an  observer  with  optimal  training,  objective  state  of  mind, 
and  minimal  suggestibility  is  hard  pressed  when  unassisted  by  instru¬ 
ments,  to  provide  useful  scientific  information.  This  is  especially 
true  in  the  case  of  UFO  phenomena,  which  are  typically  of  short  dur¬ 
ation,  occur  ir.  an  unfamiliar  environment,  and  lack  points  of  refer¬ 
ence  from  which  reasonable  inferences  as  to  distance,  size,  and  vel¬ 
ocity  can  be  drawn. 

Even  when  instrunents  are  available  to  him,  the  observer  and 
the  analyst  of  his  report  must  be  aware  of  a  process  inherent  in  any 
scientific  inquiry;  namely,  the  tendency  of  the  investigator  to  look 
for  evidence  to  support  or  discount  a  given  hypothesis.  In  this  state 
of  mind,  the  investigator  tends  to  disregard  all  data  from  his  instru¬ 
ments  that  arc  irrelevant  to  his  predetermined  goal.  An  air  traffic 
controller,  for  example,  concentrates  on  radar  echoes  that  he  feels 
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quite  certain  are  those  that  come  from  those  aircraft  for  which  he  is 
responsible.  A  meteorologist  focusses  his  attention  on  quite  different 
data  on  the  radar  scope:  thunderstorm,  tornado,  and  frontal  activity. 
The  military  observer  pays  less  heed  to  natural  phenomena  and  concen¬ 
trates  on  data  on  the  scope  that  might  signify  the  approach  of  ballistic 
or  orbiting  bodies. 

In  other  words,  almost  all  investigative  processes  begin  with  a 
built-in  "filter"  designed  to  minimize  whatever,  for  the  investigator 
concerned,  constitute*;  "noise."  But  one  man's  noise  is  frequently 
another  man's  data.  The  physicist  interested  in  the  elastic  scattering 
cross-section  of  pi-mesons  interacting  with  protons  begins  hi*;  analysis 
by  setting  up  criteria  that  tend  to  eliminate  all  inelastic  events. 

This  filtering  process  turned  out  to  be  at  work  when  researchers 
in  atmospheric  physics  examined  the  read-out  of  a  scanning  photometer, 
an  instrument  normally  used  in  studies  of  airglow.  The  device  scans 
a  sector  of  the  sky  and  records  the  result  as  a  trace  on  paper  tape. 

The  zodiacal  light  and  the  Milky  Way  appear  as  broad  humps;  stars  and 
planets  as  sharp  spikes.  An  UFO  would  also  appear  as  such  a  spike, 
but  its  motion  would  cause  the  spike  to  appear  in  different  parts  of 
the  sky  in  successive  scans. 

Would  the  operator  of  the  scanner  notice  such  a  trace?  Or  would 
he  ignore  it,  along  with  the  star  and  planet  "noise"?  Since  his  atten¬ 
tion  is  focussed  on  the  traces  that  indicate  airglow,  it  seemed  likely 
that  he  would  fail  to  notice  any  trace  attributable  to  an  UFO. 

This  proved  to  be  the  case.  F.xamination  by  project  investigators 
of  a  zodiacal  light  photometer  read-out  made  at  the  time  of  a  vis¬ 
ual  sighting  revealed  four  spikes  in  successive  scans  that  could  not 
be  attributed  to  stars  or  planets.  The  personnel  analyzing  the  data 
had  ignored  them.  Geometric  reconstruction  of  the  object's  path  estab¬ 
lished  that  the  photometer  had  recorded  a  ballistic  missile  in  trajectory 
over  the  Pacific  Ocean.  Details  are  found  in  Section  S  if  this 
chapter,  "llaleakala  II." 

But  even  if  the  operator  of  an  instrument  fails  to  notice  what, 
to  him,  is  noise,  another  operator  employing  the  same  device  for  a 
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different  purpose  has  access  to  all  the  recorded  data  »nd  can  there¬ 
fore  search  for  the  specific  information  of  interest  to  him.  As 
demonstrated  in  the  case  of  the  scanning  photometer,  the  instrument 
can  be  employed  to  provide  a  record  of  an  UFO  that  can  later  be  sub¬ 
jected  to  scientific  analysis.  Not  all  existing  instnmcnts,  however, 
have  adequate  resolving  power  or  other  design  features  for  effective 
searches  for  UFO  phenomena. 

Future  studies  of  UFO  phenomena  should,  in  my  judgment,  be  based 
upon  information  recorded  by  suitable  instruments.  This  chapter  will 
discuss  existing  instruments  and  instrument  systems  with  special 
reference  to  their  suitability  for  an  UFO  search.  It  will  also  sug¬ 
gest  what  instruments  and  instrument  systems  might  be  devised  that 
w.u:  j  mu.  roa  1  •  ioKi  suitable  data  for  the  study  of  UFC  phenomena. 

2.  The  All -Sky  Camera 

The  all- sky  camera  was  developed  in  order  that  permanent  photo¬ 
graphic  records  of  he  time  of  occurrence,  intensity  and  location  of 
a  ora!  1  airglow  displays  could  be  made  automatically.  During  the 
International  Geophysical  Year, .(1957-1958)  114  all-sky  cameras  were 
in  operation  at  tes  from  near  the  North  Pole  to  the  South  Pole. 

The  cameras  are  designed  to  photograph  about  160°  of  the  sky 
and  to  record  angular  distances  from  the  zenith  by  means  of  lights. 
Photosensitive  detectors  switch  the  cameras  on  at  dark  and  off  at 
daylight.  Exposures  are  short  and  can  be  set  to  any  desired  value. 

Local  or  Universal  Time  and  length  of  exposure  are  recorded  on  each  frame. 
Table  1  lists  the  salient  points  of  the  cameras  of  several  participating 
countries.  For  further  details  see:  \nnals  (1962)  Gartlein  (1947). 

The  film  is  examined  by  trained  personnel  and  the  data  on  auroral 
position  and  brightness  in  each  of  three  areas,  as  a  function  of  time, 
are  entered  on  a  five-line  format  called  an  "ascaplot."  The  three 
areas  are  the  northern,  zenith  and  southern.  The  northern  and  south¬ 
ern  zones  cover  the  regions  lying  between  60°  and  80°  from  the  zenith, 
and  the  zenith  area  takes  in  the  whole  of  the  sky  between  60*  and 
the  zenith. 
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Tabic  1 

features  of  Some  I.  G .  i. 
All -Sky  Cameras 


Country 

Film 

width 

mm. 

Number  of 
exposures 
per  hour 

exposure 
in  seconds 

Fi  lm  Time 

Type  Accuracy 

U.S.A. 

16 

60-80 

altemat  ing 

10-20, 

15,48 

Fastman  «■  10  sec.  to 

Kodak  *  2  minutes 

Tri -x , 

Ilford  IIP- 3 

Canada 

35 

60 

4-40 

a  1 terna- 
ting 

Fastman  ♦  3  sec.  to 

Kodak  +  1  minute 

Tri  -  x 

Pan . 

Canada 

lb 

60 

30 

Eastman  ♦  1  minute 

Kodak 

Tri  -x 

Neg. 

U .  S .  S .  R . 

35 

12,60,120, 

180 

alternating 

5,10,20 

alterna¬ 

ting 

High  +  2.5  sec. 

sens  it ivi t  v 

Neg at ive 

Pan . 

.1  apan 

16 

240 

13 

High  ♦  0.3  minutes 

sensitivity 

Pan . 

Argentina 

1(» 

60,48 

20 

Fastman  ♦  1  minute 

Kodak 

Tri  -x 
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At  a  height  of  100  km.,  the  lowest  altitude  at  which  auroras 
generally  exist,  the  camera  covers  a  region  of  about  3°  of  latitude. 

Most  of  the  cameras  record  on  16  mm.  film,  and  th'<  diameter  of 
the  circular  sky  image  is  about  10  mm.  Since  the  individual  silver 
grains  in  the  emulsion  are  of  the  order  of  ly  (=  0.001  mm.)  in  diameter,  an 
image  less  than  20y  is  very  poorly  resolved.  To  produce  a  20y 
image,  an  object  100  km,  distant  would  have  to  be  no  less  than  600 
meters  in  diameter.  It  is  apparent  that  the  resolution  of  such  an 
instrument  is  not  adequate  for  objects  of  more  terrestrially  common 
dimensions. 

The  sensitivity  of  the  all-sky  camera  is  also  disappointingly 
low  for  purposes  of  UFO  search.  For  instance,  referring  to  point 
sources.  Dr.  Gerald  M.  Rothberg,  in  his  report  on  one  month's  obser¬ 
vation  with  one  of  these  cameras,  states  that  five  miles  is  "roughly 
the  maximum  distance  at  which  we  can  detect  the  landing  lights  on 
commercial  airliners,  as  determined  from  photographs  of  planes.  .  ." 

The  sky-coverage  of  these  instruments  is  very  good,  however, 
amounting  to  about  83%  of  a  hemisphere  of  the  same  radius.  However, 
each  camera  can  sample  only  about  0.2%  of  the  volume  of  sky  100  km. 
high  over  the  continental  United  States,  which  amounts  to  about 
9  X  108  km3. 

A  thorough  test  of  a  16  mm,  U.S.  all -sky  camera  was  made  by 
Dr.  Rothberg  during  August  1967.  (Case  27)  The  camera  was  operated 
for  about  150  hours  on  seventeen  nights.  Exposures  started  at  dusk 
and  ended  at  dawn.  The  camera  made  one  40- sec.  exposure  per  minute. 

The  total  nunber  of  frames  taken  was  about  9,000  during  a  period  when 
106  local  UFO  sightings  were  reported.  Rothberg  states  that 

...continued  at  high  frequency  during  the  feasibility 
study,  less  than  12  of  9,000  all-sky  camera  exposures 
contained  images  not  immediately  identifiable.  Only 
two  of  these  coincided  in  time  and  azimuth  with  a 
sighting  report.  Study  of  one  negative  suggests  that 
the  image  is  either  that  of  a  meteor  whose  path  was  at 
or  nearly  at  a  right  angle  to  the  focal  plane  or  that 
an  emulsion  defect  or  impurity  is  responsible  for  the 
image.  The  other  negative's  image  was  identified 
as  a  probable  aircraft.  (Case  27). 
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One  UFO  sighting  was  definitely  recorded  by  the  camera;  the 
objects  were  three  garment-bag  balloons  which  were  photographed  re¬ 
peatedly  over  a  period  of  15  min. 

In  appraising  the  value  of  the  all-sky  camera  as  the  instrument 
to  use  in  any  follow-up  investigations,  Di .  Rothberg  is  "less  than 
enthusiastic  about  (their)  use"  for  an  UFO  search. 

Put  very  simply,  a  camera  designed  for  the  observation  of  airglow 
and  auroral  phenomena,  both  of  which  are  large,  amorphous  luminous 
regions,  does  not  have  the  resolution  necessary  for  investigating 
phenomena  such  as  fireballs,  ball  lightning,  tornadoes,  or  UFOs. 

3.  Ihe  Prairie  Network 

Instrumented  meteor  astronomy  is  a  comparatively  young  field 
dating  back  not  much  before  1936  when  the  Harvard  Meteor  Project  began. 
Determination  of  mass  distributions,  size  and  composition  has  been 
difficult  because  results  have  to  be  arrived  at  by  inference  only 
instead  of  from  studies  of  samples  collected  in  the  field. 

Current  theory  holds  that  meteors  originate  from  two  sources: 
comets  and  asteroids.  It  is  thought  that  meteors  which  survive  long 
enough  in  our  atmosphere  to  reach  the  surface  are  asteroidal  in  origin. 
From  spectroscopic  evidence  it  appears  as  if  comets  were  composed  of 
solid  particles  -  "dust"  -  weakly  bound  by  material  which  can  exist 
in  solid  form  only  at  very  low  temperatures.  Only  the  dust  can  exist 
for  an  appreciable  time  in  the  solar  system,  and  it  is  these  solids 
which  appear  as  cometary  meteoroids.  As  a  matter  of  interest,  this 
does  not  preclude  the  deep  penetration  of  our  atmosphere  by  large 
cometary  fragments.  The  Tunguska  Meteor  of  1908  is  thought  to  have 
been  such  a  fragment,  and  the  devastating  effect  of  this  encounter 
is  still  visible  today  (Krinov,  1963). 

Almost  all  meteorites  in  museum  collections  were  found  accidentally 
and  the  time  of  landing  for  about  half  of  them  is  unknown.  Seeking 
to  increase  the  recovery  rate  and  to  pinpoint  the  time  of  arrival, 
the  Smithsonian  Institution  began  to  design  the  Prairie  Network  in 
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the  earl/  1960s  (McCrosky,  1965)  in  such  a  way  as  to  increase  the  area 
coverage  over  that  of  the  Harvard  Project  and  to  improve  the  probability 
of  observing  large,  bright  objects.  Between  1936  and  1963  four  tech¬ 
nical  advances  proved  particularly  important  in  the  basic  design  of 
the  system:  the  Super-Schmidt  camera,  much  faster  photographic 
emulsions,  radar,  and  the  image  orthicon.  The  Super-Schmidt  and  high¬ 
speed  film  were  originally  used  in  an  effort  to  determine  the  trajectories 

_  2 

of  faint  meteors  having  initial  masses  of  '10  “  gm.  The  radar  and  image 
orthicon  have  been  combined  into  a  system  for  the  study  of  meteors 
which  are  fainter  than  the  Super- Schmidts  were  capable  of  detecting, 
and  which  are  presumed  to  be  of  cometary  origin.  A  grant  from  NASA 
established  the  network  and  the  first  prototype  photographic  station 
went  into  operation  at  Havana,  Ill.  in  March  1963.  About  a  year  later, 
the  network  first  functioned  when  ten  stations  be^an  working  reliably. 

The  complete  network  now  consists  of  16  stations  of 

four  cameras  each,  located  at  the  apices  of  a  set  of  nesting  equilateral 

triangles  having  a  separation  of  225  km.  Each  of  the  four  cameras  is 

aligned  with  a  cardinal  point  of  the  compass  with  the  diagonal  of  its 

9.5  sq.  in.  film  oriented  vertically.  The  optical  axis  of  the  camera 

is  elevated  at  an  angle  of  35°  to  the  horizon,  but  as  the  effective 

field  of  the  present  lenses  is  '100°  one  corner  of  the  film  will 

photograph  '10°  below  the  horizon  and  the  extreme  of  the  opposite 

corner  falls  short  of  covering  the  zenith  by  '10°  (See  Fig.  1) 

As  a  result,  there  are  five  blind  spots,  one  vertical  and  the  other  four 

at  true  compass  bearings  of  45°,  135°,  225°  and  315°,  amounting  to 

about  20%  of  the  total  hemisphere.  All  16  interlocking  stations 

2 

cover  a  total  impact  area  of  1,500,000  km  . 

The  Super- Schmidts  are  capable  of  recording  stars  with  a  photo¬ 
graphic  magnitude  of  as  low  as  M  =-  +3,  but  the  network  cameras 

P8 

have  considerably  lower  sensitivity,  computed  at  M  =  -3. 

The  angular  velocity  of  the  meteorite  is  determined  by  interrup¬ 
ting  the  streak  of  its  path  on  the  film  by  means  of  a  shutter  that 
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runs  continuously.  The  shutter  motion  is  interrupted  at  regular 
intervals  in  order  to  produce  a  timing  code  that  indicates  time  in 
reference  to  a  clock  face  photographed  on  each  frame.  This  permits 
fixing  the  time  of  passage  with  respect  to  the  exposure  interval. 

The  standard  exposure  is  three  hours  so  that  three  to  four 
frames  are  produced  each  night.  Operation  of  the  camera  is  controlled 
by  photosensitive  switches  that  turn  the  system  on  at  twilight  and 
off  at  dawn.  To  prevent  fogging  by  moonlight  or  other  bright  sky 
conditions,  each  camera  is  equipped  with  both  a  neutral  density 
filter  and  a  diaphragm  activated  by  a  photometer. 

Other  features  insure  the  proper  exposure  and  recording  of  time 
intervals  of  meteors  having  a  photographic  magnitude  greater  than 

M  =  -6. 

P8 

Stellar  magnitudes  are  stated  on  a  logarithmic  scale.  A 
difference  of  five  magnitudes  corresponds  to  a  ratio  of  brightness 
of  100.  Because  the  astronomers  traditionally  have  referred  to  a 
bright  star  as  being  of  "the  first  magnitude,"  and  less  bright  stars 
as  being  "second  magnitude"  or  "third  magnitude"  stars,  the  sign  given 
to  a  magnitude  is  inverse  to  its  brightness.  An  object  of  -1  is, 
by  this  convention,  100  times  brighter  than  an  object  of  *4  (a 
difference  of  five  magnitudes).  Magnitudes  of  some  familiar  heavenly 
bodies  are:  sun  -26.72;  full  moon  ^-12;  Venus  -3.2  to  -4.3;  Vega  ♦0.1; 
Polaris  +2.1.  The  faintest  magnitude  visible  to  the  normal,  unaided 
human  eye  is  about  >6. 

Photographic  (M  )  and  radar  CMra(j)  magnitudes  are  related  to 
v'sual  magnitudes  by  coefficients  which  are  functions  of  the  wavelength 
of  the  radiation  as  well  as  the  characteristics  of  the  detector. 

Although  a  meteor  may  be  recorded  by  more  than  two  cameras  or 
stations,  only  two  views  are  necessary  to  determine  altitude,  velocity, 
and  azimuth.  The  two  best  views  are  those  in  winch  the  line  joining 
them  is  the  most  nearly  perpendicular  to  the  trajectory.  Such  stereo- 
pairs  will  detect  meteors  at  altitudes  of  40-120  km.  If  the  measure¬ 
ments  indicate  that  the  meteor  may  land  in  a  region  relatively 
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accessible  to  network  personnel,  a  third  view  of  the  trajectory,  downstream 
from  the  first  pair,  and  where  the  meteor  has  fallen  to  an  altitude 
of  between  10  and  40  km.,  is  then  measured  to  determine  the  rate  of 
momentum  loss  from  which  the  impact  ellipse  is  computed. 

Exposed  film  from  one-half  of  the  stations  is  collected  every 
two  weeks  and  scanned  at  field  headquarters  in  Lincoln,  Neb. 

The  rate  of  acquisition  of  film  is  500  multi-station  and  '500 
s  ingle-station  meteors  per  year,  frames  with  meteors  from  one  station 
are  cut  out  of  the  film  strip  and  a  search  is  made  for  views  of  t Sic 
same  event  taken  at  other  stations.  The  assembled  events  arc  then 
sent  to  Cambridge,  Mass,  for  measurement.  It  is  necessary  to  meas¬ 
ure  the  length  of  every  interval  on  the  meteor  track  produced  by  the 
shutter,  the  positions  of  about  forty  stars,  and  to  make  densitometric 
measurements  of  the  trace. 

One  of  the  most  important  functions  of  the  network  is  to  facil¬ 
itate  recovery  of  meteoritic  material.  The  network's  design  is  adequate 
to  provide  an  "impact  error"  of  100  meters  for  the  "best  determined 
objects."  But  such  accuracy  fails  to  guarantee  recovery  because  the 
object  of  search  is  nearly  indistinguishable  from  the  more  common 
field  stones.  One  recent  search  occupying  150  man-days  resulted  in 
no  recovery.  Since  the  start  of  the  project  some  500  man-days  of 
search  have  yielded  no  recoveries. 

In  contrast,  the  Canadian  "network,"  which  was  not  yet  in 
operation  by  June  19f>H,  has  already  recovered  at  least  one  meteor 
by  careful  and  extensive  interrogations  of  persons  who  had  witnessed 
meteor  falls.  Similarly,  in  Czechoslovakia,  four  pieces,  out  of  the 
many  which  make  up  the  Pribram  meteor,  were  recovered  before  the 
impact  point  had  been  determined  from  data  obtained  by  a  simple  two- 
staiton  system  not  designed  for  this  purpose. 
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4.  Evaluation  of  the  Prairie  Network 

Colorado  project  scientists  attempted  to  evaluate  the  usefulness 
of  the  Prairie  Network  as  an  instrumented  system  for  UFO  searches.  A 
list  of  UFO  sightings  dating  back  to  1965  that  occurred  within  the 
network  limits  was  presented  to  the  supervisor  of  the  field  head¬ 
quarters  in  Lincoln,  Neb.  He  was  requested  to  produce  those  plates 
which  aight  conceivably  have  been  able  to  photograph  the  objects  which 
gave  rise  to  the  sightings.  Information  supplied  to  the  supervisor 
was  deliberately  United  to  case  number,  year,  aonth,  day,  time,  city, 
duration,  direction,  and  location.  Duration  of  the  sighting  was  given 
in  ninutes.  Direction  in  the  sighting  reports  referred  either  to 
the  direction  in  which  the  observer  was  looking,  or  the  direction  of 
motion  of  the  object.  Location  was  specified  by  the  coordinates  of 
an  atlas.  Presenting  the  information  in  this  form  avoided  biases 
based  on  preconceptions  and  placed  more  emphasis  on  the  immediate 
environs  of  the  sighting  point.  The  assumption  that  an  UFO  was  in 
the  immediate  neighborhood  of  the  sighting  was  made  so  as  to  combat 
any  tendency  to  attribute  sightings  to  distant  objects,  that  is,  to 
astronomical  bodies. 

A  map  was  prepared  for  each  case  (see  Fig.  2)  and  each  film 
scanned  for  exceptionally  bright  objects  and  planes  or  satellites. 
Tracks  of  bright  meteors  were  never  seen  because  the  films  on  which 
they  appeared  had  been  sent  to  Cambridge,  but  the  azimuth,  elevation, 
and  trajectory  of  these  meteors  were  available  and  correlated  with 
the  sighting  report.  Angular  positions  of  bright  objects  were  roughly 
determined  by  means  of  a  template. 
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The  following  criteria  were  applied  to  the  reports  and  to  the 
films: 


Not  operating  (NO) :  cameras  do  not  operate  before  dusk 
or  after  dawn  and  they  sometimes  malfunction  or  run 
out  of  film. 

Meteor  (M):  a  fireball  with  a  known  trajectory  computed  by 
its  film  tracks  at  several  stations. 

Overcast  (0) :  this  applied  to  cases  where  two  nearby 
stations  were  so  overcast  that  no  star  images 
showed,  and  where  there  was  little  information 
on  films  from  more  distant  stations. 

No  information  (NI):  this  classification  was  used  when 
the  report  failed  to  state  the  direction  in  which 
the  observer  was  looking  or  the  direction  in  which 
the  object  was  moving,  or  both. 

No  conclusion  (NC) :  the  report  information  was  so  frag¬ 
mentary  that  no  correlation  between  the  objects  on 
the  photograph  and  those  reported,  was  possible,  or 
the  films  gave  no  information  which  could  confirm 
that  an  object  was  seen. 

Inconclusive  identification  (II):  if  the  photographic 
evidence  showed  the  presence  of  a  body  which  could 
have  been  responsible  for  the  sighting  with  a  fair 
degree  of  probability,  the  case  was  called  incon¬ 
clusively  identified. 

Conclusive  identification  (Cl):  when  description  in  the 
visual  report  was  confirmed  with  a  high  degree  of 
probability  in  all  characteristics,  the  case  was 
considered  to  be  conclusively  identified. 

The  following  rules  were  adopted: 

a)  All  NI  cases  became  NC 

b)  No  NO  cases  were  labelled  NC 

c)  Soma  0  cases  were  classified  NC 
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Of  114  cases,  two  were  identified  as  meteors,  one  conclusively 
and  one  inconclusively,  four  cases  received  conclusive  and  14  incon¬ 
clusive  identifications.  Of  the  remaining  cases  80  were  classified 
NC;  and  14,  NI  or  NI  combined  with  NO  and  0. 

The  sighting  identified  conclusively  as  a  meteor  was  made  by  a 
couple  who  were  driving  north  on  Highway  281,  six  miles  north  of 
Great  Bend,  Kans.,  at  2200  CST.  They  reported  that  they  saw  .  . 
a  flash  or  burst  of  fireworks  above  car,  not  unlike  the  usual  Fourth 
of  July  fireworks,  except  that  this  was  much  larger  and  much  higher. 

The  fireworks  or  sparkles  were  varicolored  and  out  of  them  emerged 
a  disc-like  object  about  the  size  of  an  ordinary  wash  tub.  The 
object  was  as  red  as  fire,  but  it  appeared  solid  with  a  very  de¬ 
finite,  sharp  edge  ....  and  traveling  at  a  tremendous  speed.  Its 
direction  was  north-northeast  and  in  a  straight  line.  ...  It  did 
not  require  more  than  five  seconds  to  reach  a  distance  that  made  it 
invisible  .  .  ." 

Two  phrases  in  this  statement  needed  clarification:  "above  us" 
and  "its  direction  was  north-northeast."  The  observer  explained  that 
"above  us  meant  through  the  upper  part  of  the  windshield."  He  said 
that  his  (and  his  wife's)  attention  was  called  to  the  object  by  the 
flash  of  the  burst,  which  they  saw  just  to  the  west  of  north,  and 
it  vanished  while  still  slightly  west  of  north,  lie  insisted  that  the 
object  w as  traveling  north-northwest,  explaining  the  correction  by 
saying  that  he  often  confused  west  with  east.  He  was  therefore  cer¬ 
tain  that  it  could  not  have  been  on  the  NW  to  S§  course  determined 
fro*"  the  photographic  data,  and  that  it  was  not  a  meteor  because  it 
was  rising,  not  falling.  Questioned  as  to  the  time,  he  said  that 
10:00  P.M.  was  approximate  and  that  the  duration  of  the  sighting  was 
short,  probably  less  than  the  five  seconds  referred  to. 

Six  stations  of  the  Prairie  Network  photographed  a  meteor  at 
about  10:10  P.M.,  determined  that  it  passed  over  Republican  City,  Neb. 
at  an  altitude  of  some  50  km.  ,  and  predicted  that  its  point  of  impact 
was  near  Downs,  Kans.  Republican  City  lies  a  few  degrees  west  of  north 
from  the  sighting  point  at  a  distance  of  about  177  km.,  and  Downs 
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an  equal  number  of  degrees  east  of  north  at  a  distance  of  about 
116  km.  Assianing  a  mean  distance  of  145  km.  ,  the  observer  saw  the 
meteor  at  an  elevation  of  approximately  19°.  The  elevation  of  the 
top  of  a  windshield  of  an  American  two-door  sedan  from  the  eye  level 
of  a  man  of  average  height  is  about  25°  or  less. 

The  observer's  impression  was  that  the  object  was  rising.  This 
would  be  expected  if  it  were  approaching  him  at  a  constant  altitude. 

His  strong  feeling  that  it  was  on  a  northerly  course,  and  therefore 
receding,  is  explained  by  recalling  the  very  short  time  during  which 
he  saw  it. 

Considering  the  general  agreement  as  to  time,  elevation  and  region 
of  viewing,  the  probability  is  high  that  the  object  seen  was  the  meteor 
photographed. 

The  second  case  was  labeled  inconclusive  because,  in  spite  of 
the  paucity  of  information  available  about  it,  there  was  a  relatively 
jlose  agreement  between  the  time  of  the  sighting  (0001  CST,  26  January 
1967)  and  the  time  of  a  meteor  recorded  on  three  network  stations 
(2341:51  CST,  25  January  1967).  The  discrepancy  of  only  18  minutes 
leads  to  a  probable  identification  of  the  sighting  as  the  meteor, 
but  the  identification  cannot  be  made  conclusive. 

A  striking  example  of  the  lack  of  correlation  that  can  occur 
between  a  familiar  ob  ect  and  the  interpretation  of  a  sighting  is 
related  in  the  case  where  a  large,  helmet-shaped,  luminous  body  appear¬ 
ed  overhead  from  behind  a  cliff.  The  observer  was  driving  west. 

He  reported  that  the  object  stayed  nearly  overhead  for  45  min.  until 
it  disappeared  behind  a  hill  to  the  southwest  at  an  altitude  of  about 
40°. 

Network  photographs  show  the  moon  moving  from  245°  to  270°  at  a 
starting  elevation  of  85°  dropping  to  45°.  Stars  and  a  plane  also 
appeared  on  the  film,  but  their  positions  did  not  tally  with  the  report. 

Neither  the  observer  nor  the  Air  Force  interviewer  mentioned  that 
the  moon  was  visible,  but  the  conclusion  appears  to  be  inescapable 
that  the  object  seen  was  the  moon.  A  summary  of  the  results  of  this 
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study  is  presented  in  Table  2  . 

Bearing  in  mind  that  Prairie  Network  optics  and  geometry  were 
designed  to  detect  bright  astronomical  objects  at  high  angular  vel¬ 
ocities,  it  is  not  surprising  that  100%  of  the  conclusive  and  67%  of 
the  inconclusive  identifications  relate  to  astronomical  objects.  In 
fact,  any  future  investigation  utilizing  the  network  should  guard 
against  a  possible  bias  arising  from  its  design  features. 

The  network's  identification  of  18%  of  all  sightings  with  a 
fair  degree  of  probaDility,  does  not  constitute  as  poor  a  performance 
as  might  be  thought  since  34%  could  not  be  recorded  because  of  over¬ 
cast  and  43%  were  so  deficient  in  information  that,  even  i f  an  object 
had  been  recorded  by  the  film  it  would  have  been  imnossiMc  to  corre¬ 
late  it  with  the  sighting. 

5  .  The  Tombaugh  Survey 

In  1923,  Dr.  W.H.  Pickering  called  attention  to  the  possibility 
that  undiscovered  small  natural  earth  satellites  might  exist.  In 
1952,  after  a  long  period  of  searching  for  trans-neptunic  planets  and 
"lost"  asteroids,  during  which  the  planet  Pluto  was  found,  Ur.  Clyde 
W.  Tombaugh  began  a  search  for  small  satellites  which  might  be  in  cir¬ 
cular  geocentric  orbits  having  radii  between  5,000  and  2o,000  mi. 

In  searching  for  small,  high-velocity  bodies  having  a  luminance 
close  to  the  photographic  threshold,  it  is  essential  to  avoid  "trail¬ 
ing";  that  is,  the  image  must  be  kept  stationary  with  respect  to  the 
film.  For  example,  if  a  star  image  0.04  mm.  in  diameter  trails  over 
the  emulsion  for  a  distance  of  10  mm.,  its  brightness  at  any  point 
will  be  diminished  in  the  ratio  0.04/10.0  =  1/250  times.  The  re¬ 
sulting  trail  image  may  be  below  the  film's  threshold.  Therefore, 

Ur.  Tombaugh's  experimental  method  was  based  on  searching  the  sur¬ 
faces  of  a  large  number  of  spherical  shells,  each  concentric  with  the 
earth.  The  angular  velocity  of  the  search  in  each  shell  was  made  equal 
to  the  angular  velocity  a  body  moving  in  the  gravitational  field  of 
the  earth  would  have  at  a  geocentric  distance  equal  to  the  radius  of 
that  shell.  (Tombaugh,  1959). 
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The  minimizing  of  trailing  permitted  the  recording  of  images  down 
to  the  Mpj,  =  +1S  in  a  2  min.  exposure.  A  dark  rock,  four  feet  in 
diameter,  having  a  reflectivity  equal  to  that  of  the  moon,  at  a  geo¬ 
centric  distance  of  26,200  miles,  would  produce  an  image  of  this 
photographic  magnitude. 

The  project  was  terminated  at  the  end  of  June  1956.  The  nunber 
of  concentric  shells  searched  was  over  100,  resulting  in  a  collection 
of  13,450  photographs.  A  few  dozen  possible  natural  satellite  images 
having  photographic  magnitudes  lying  between  +16  and  +14  were  found 
and  attempts  were  made  to  recapture  them  by  repeatedly  photographing 
tne  shells  in  which  they  occurred,  but  with  no  success.  The  conclusion 
is  that  these  images  were  either  film  defects,  very  small  asteroids 
in  elliptical  orbits  around  the  sun,  or  natural  satellites  in  ellip¬ 
tical,  rather  than  circular,  orbits  around  the  earth. 

As  a  by-product  of  this  project,  a  search  for  moon  satellites  was 
made  during  the  lunar  eclipse  of  November  1956.  Three  telescopes, 
monitored  by  a  sky  photometer,  produced  a  total  of  25  plates,  record¬ 
ing  point  images  down  to  about  M  =  +17.  Some  500  candidates  were 

i  o 

found  in  the  region  between  the  moon's  surface  and  a  lunicentric  dis¬ 
tance  of  37,000  miles,  but  none  survived  a  detailed  analysis. 

A  program  of  visual  observation  for  nearby  objects  at  very  low 
latitudes  began  at  the  end  of  1955  and  continued  through  1958.  The 
equatorial  plane,  at  distances  between  600  and  2,500  miles  from  the 
surface  of  the  earth,  was  searched  with  a  twelve  inch  Newtonian  re¬ 
flecting  telescope  and  10  X  80  binoculars.  The  telescope  had  a  limit¬ 
ing  visual  magnitude  of  +11  at  100  miles  and  +  13  at  2,400  miles, 
while  the  binoculars  could  detect  objects  ofMv  =  +8  at  100  miles 
and  ofMy  =  +9  at  2,800  miles.  No  satellites  were  seen.  In  the  words 
of  the  report : 


It  is  most  unlikely  that  any  objects  larger  than  [two 
feet  in  diameter  at  an  altitude  of  100  miles  or  twenty 
feet  at  2,500  miles  as  seen  by  binoculars,  and  several 
inches  at  100  miles  or  three  feet  at  2,500  miles  as  seen 
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by  the  telescope]  existed  ....  during  1956,  or 
'rhat  any  natural  objects  have  since  entered  these 
regions. 

The  method  used  by  Dr.  Tombaugh,  while  admirably  suited  to  orbit¬ 
ing  bodies,  is  not  appropriate  for  the  observation  of  aerial  phenomena 
that  are  not  constrained  in  circular  orbits.  If  their  distances 
from  the  cameras  were  large  they  would  not  be  detected  due 
to  the  effect  of  trailing.  For  this  reason  a  search  on  satellite 
survey  films  for  reported  UFOs  was  not  attempted. 

6_. _ Scanning  Photometers 

Photometry  of  the  night  sky  is  carried  out  by  means  of  photo¬ 
multipliers  which  sweep  out  circles  parallel  to  the  horizon  (almucan- 
tars)  at  various  zenith  angles  Z(Z  =  90°-altitude) .  Photometers  used  in 
airglow  studies  have  a  5°  field  and  sweep  at  the  rate  of  10°/sec 
horizontally  and  5°/sec  vertically.  A  "sky  survey"  consists  in  mak¬ 
ing  360°  sweeps  at  each  of  six  zenith  angles  as  follows  :  scanning 
clockwise  at  Z  =  80°  at  the  rate  of  10°/sec,  counter-clockwise  at 
Z  =  75®  at  5°/sec  and  repeating  the  process  at  the  same  rate  at  Z  =  70°, 
60°,  40°,  and  0°.  A  survey  requires  4.1  min.  Often  a  series  of  sur¬ 
veys  is  made  using  different  filters  depending  on  the  nature  of  the 
investigation. 

The  output  of  the  instrunent  consists  of  pulses,  the  amplitude 
of  which  is  proportional  to  the  intensity  of  the  light  sensed  by  the 
photometer.  In  older  models  the  output  is  recorded  analogically  by 
a  pen  on  paper  tape.  Since  the  distance  along  the  length  ("x"  axis) 
of  the  tape  is  proportional  to  the  time  of  the  scan,  it  is  therefore 
an  indicator  of  the  azimuth  and  zenith  angle  of  the  light  source 
represented  by  the  pulse.  Data  are  analysed  by  measuring  the  height 
of  pulses  of  interest  ("y"  axis)  and  determining  their  azimuth  at  each 
zenith  angle.  This  measurement  is  done  manually  or  in  the  new  model,  by 
recording  the  coordinates  directly  on  machine- readable  magnetic  tape. 
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The  angular  size  of  the  field,  sweep  rate,  and  other  quantities 
differ  depending  on  the  use  to  which  the  instrument  will  be  put.  A 
zodiacal  light  photometer,  for  example,  has  a  narrorwer  field,  3°, 
scans  at  about  2°/sec  and  sweeps  out  almucantars  at  much  smaller 
zenith  distances,  that  is  at  altitudes  much  closer  to  the  zenith. 

Bodies  brighter  than  Mv  =  +3  can  readily  be  identified  by  their 
angular  coordinates  coupled  with  pulse  height  which  is  a  measure  of 
their  magnitude.  In  practice,  however,  identification  is  rarely 
carried  out  because  investigators  of  airglow  and  zodiacal  light  are 
interested  in  diffuse  light  phenomena  rather  than  in  single  bright 
objects . 

The  sky  coverage  of  the  photometers  is  large  since  they  can  be 
made  to  scan  an  entire  hemisphere  as  in  the  case  of  the  all -sky 
cameras .  The  fact  that  they  do  not  do  so  in  the  same  short  period 
of  time  as  the  cameras  is  not  very  important  since  at  large  distances 
the  linear  sweep  speed  approaches  the  velocity  of  light.  Because 
their  observations  are  made  over  a  longer  period  of  time  and  their 
angular  data  is  recorded  over  a  very  much  larger  area,  they  have  a 
greater  resolution;  azimuth  and  altitude  are  presented  more  accurately 
and  the  direction  of  motion  is  non-ambiguous . 

Colorado  project  scientists  thoroughly  searched  two  such  photo¬ 
meter  sky  surveys.  The  first  search  was  made  on  m  airglow  survey 
chosen  at  random  and  the  results  are  summarized  in  section  7  of 
this  chapter.  The  second  search  was  prompted  by  a  visual  sighting  by 
three  trained  persons  of  a  bright  object  in  retrograde  (E  to  W) 
motion  during  the  operation  of  a  zodiacal  light  photometer. 

Scanning  photometers  can  also  sense  different  colors  on  separate 
surveys.  The  instrument's  ability  to  measure  the  degree  and  direction 
of  polarization  can  also  aid  in  determining  whether  the  object  is 
self-luminous  or  its  light  is  reflected.  For  these  reasons,  and 
because  of  their  relatively  extensive  sky  coverage,  scanning 
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photometers  can  be  considered  useful  intruments  in  the  conduct  of 
UFO  searches. 

7.  Haleakala  1 

A  search  was  made  of  the  taped  output  of  an  airglow  photometer 
survey  recorded  around  midnight,  Hawaiian  Standard  Time  (HST) ,  11-12 
February  1966  in  order  to  see  if  all  bright  objects  could  be  identified 
as  stars  or  planets.  This  survey  was  chosen  at  random  from  a  sample 

of  surveys  made  under  particularly  good  conditions,  that  is,  on  nights 

f 

during  the  dark  of  the  moon  with  the  minimum  interference  from  clouds. 
The  taped  data,  consisting  of  brightness  as  a  function  of  azimuth,  was 
plotted  by  machine  in  two  ways,  the  first  showing  the  raw  data 
which  included  light  from  all  sources,  and  the  second,  the  raw  data 
from  which  the  background  of  zodiacal  light.  Milky  Way  and  integrated 
starlight  had  been  subtracted.  On  both  plots,  individual  stars  and 
planets  stand  out  as  narrow  pulses,  their  height  being  proportional 
to  their  apparent  magnitudes.  The  brightness  is  measured  in  terms 
of  the  number  of  JOth  visual  magnitude  stars  per  square  degree  of  sky, 
that  is,  in  "Sj0(vis)"  units. 

The  observations  of  that  night  were  made  through  three  filters 
successively:  6300  +  5  A,  5577  +  5  X  and  5300  +_  25  A.  As  each  sur¬ 
vey  through  each  filter  requires  about  four  minutes,  successive  sweeps 
at  the  same  zenith  distance  through  the  same  filter  occur  at  -15  min. 
intervals,  and  one  sweep  at,  say  Z  =  80°,  will  be  followed  by  a  sweep 
at  Z  =  75°  about  36  seconds  later  and  repeated  at  the  same  altitude 
about  15.5  min.  later. 

No  stars  or  planets  showed  up  in  the  surveys  through  the  6300  A 

O 

and  5577  A  filters,  but  probably  because  of  its  broader  band-pass, 
many  more  appeared  when  the  5300  A  filter  was  used.  In  this  survey, 
all  star  pulses  greater  than  My  =  +3  were  accounted  for  by  reference 
to  a  star  atlas,  except  for  two.  These  have  been  designated  as  Uniden¬ 
tified  Bright  Objects  (UB0) ,  having  the  coordinates  given  (see  Figs. 

3  and  4)  below  (see  also  Figs.  5  and  6). 
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HALEAKALA  I 

HALEAKALA  OBSERVATORY,  HAWAII 
PLOT  OF  AIRGLOW  SCANNING  PHOTOMETER  DATA 
FEB.  11-12,  1966 
SIDEREAL  TIME  133° 

HAWAIIAN  STANDARD  TIME  2350 h 
FILTER  TRANSMISSION  5300& 

ALMUCANTAR  ELEVATION  10° 


30  0  30 

TRUE  AZIMUTH 


Angle  Z 


HST 


Azimuth 


80°  2350  68°T 

75°  0005  72°T 

The  pulses  were  separated  by  4°  in  azimuth  and  5°  in  altitude.  The  azimuthal 
error  in  this  photometer  can  be  as  great  as  ^4°.  Since  the  field  is 
5°  and  the  point  source  can  be  sensed  equally  well  over  almost  the 
entire  width  of  the  field,  the  altitude  uncertainty  may  be  +5°. 

From  the  recorded  values  of  the  angles,  if  the  two  pulses  were 
made  by  one  body,  it  moved  an  angular  distance  of 

<f>  =  *42+52  =  6.5°  =  0.1134  rad 


If  the  errors  are  in  phase,  then,  maximally: 


<p 

Tmax 

and  minimally 


/ 


(4+4)2  ♦  (5+5)2  =  12.8°  =  0.2240  rad 


/ 


♦min  -  (5-5)2=  0" 

The  fact  that  the  UB0  appeared  on  only  two  sweeps  out  of  many  surveys 
may  be  interpreted  to  mean  that  it  vanished  in  the  shadow  of  the  earth  at 
Z  *  75°.  This  situation  is  shown  two-dimensionally  in  Figs.  3  and  4. 

In  Fig.  5,  which  is  a  view  of  the  earth,  looking  toward  the  southern 
hemisphere,  Haleakala  (21°N)  lies  on  the  earth-sun  line  at  2400  HST,  and 
the  edge  of  the  earth’s  shadow  is  parallel  to  it.  In  the  first  approx¬ 
imation,  the  distance  d  from  Haleakala  to  the  shadow  line  in  an  easterly 
direction  is 

d  -  R  =  6371  km. 

and 

OH  =  d/cos  10°  =  6469  km. 

The  nominal,  maximum  and  minimum  distances  travelled  by  the  object  are: 

OB  =  6469  x  0.1134  =  734  km. 
nom 

OB  =  6469  x  0.2240  =  1449  km. 
max 

OB  .  =  0  km. 

min 
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in  15  min.,  for  a  velocity  of: 

V  =  48. S  km/min 
nom 

V  =96.6  km/min 
max 

V  .  =0  km/min 


These  velocities  should  be  compared  with  those  of  the  UBO  in 
Haleakala  II,  that  is,  -  142  mi/min  =  2 28  km/min.  If  the  UBO  was  jn 
orbit,  the  distance  OB  is  the  projection  of  its  path  SB  making  an 
angle  8  with  the  line  of  sight.  Assuming  that  the  velocity  in 
Haleakala  II  is  typical,  then 


SinB 


nom 


.  48.9  . 
228 


0.214 


6  ~  12° 
nom 


and  the  object  was  in  a  highly  elliptical  orbit.  Alternatively,  the 
distance  OB  might  have  been  the  projection  of  the  apogee  of  the  bal¬ 
listic  trajectory  of  a  body  launched  in  a  retrograde  direction. 

Investigation  showed  that  no  sub-orbital  missiles  were  launched 
from  Vandenberg  AFB  or  Pt.  Mugu  until  one  or  more  hours  after  this 
sighting.  The  Aerial  Phenomena  Office  at  Wright-Patterson  AFB  suggests 
that  it  might  have  been  an  artificial  satellite  on  which  information 
is  not  readily  available.  The  object  is  thus  in  the  unidentified 
category. 


« 


1239  j 

i 

1 

I 


OP  8038 


8.  Haleakala  II 


On  10-11  September  1967  three  observers  at  the  Haleakala  Observa¬ 
tory  who  were  operating  two  scanning  photometers  saw  a  bright  object 
move  from  NE  to  W  at  a  low  elevation.  Th^  paper  tape  outputs  of  each 
instrument  were  examined,  the  airglow  photometer  was  operating  with 
red  filters  and  did  not  record  anything  which  stood  out  against  the 
background,  but  the  zodiacal  light  photometer  detected  the  object 

O 

four  times  through  a  5080  +_  30  A  filter.  Other  prominent  astronomical 
features,  such  as  n  Canis  Majoris,  labelled  nCMa  were  readily  identified. 

The  characteristics  and  operation  of  this  photometer  are  some¬ 
what  different  from  the  one  used  in  airglow  measurements.  Its  field 
is  3°;  its  sweep  rate  is  2° /sec;  and  almucantar  increments  are  1°. 
Because  the  focus  of  attention  is  the  brightness  of  the  zodiacal  light 
a  few  degrees  on  each  ^ide  of  the  plane  of  the  ecliptic,  the  sweep 
was  restricted  to  160°  starting  from  0°T,  each  sweep  being  completed 
in  80  sec. 

The  survey  in  which  the  UBO  appeared  began  at  0419  HST  and  ended 
at  0451  HST,  on  11  September.  The  tape  record  is  reproduced  in  Fig.  1 
and  the  data  summarized  in  Table  3. 

The  object  was  identified  as  OP  8038,  a  sub-orbital  missile, 
which  lifted  off  Vandenberg  AFB  at  0425  HST.  The  great  circle  distance, 
d,  between  launch  and  observation  points,  is  calculated  from  the  rough 
coordinates : 


Lat. 

Long . 

Vandenberg 

34.5°N. 

120. 76W 

Haleakala 

21.0°N. 

156 .0°W 

and  it  is  found  that 
d  =  3762  km. 

The  position  of  Haleakala  with  respect  to  the  shadow-line  of  the 
earth  is  shown  in  Fig.  5,  which  is  a  view  of  the  earth  with  the  south¬ 
ern  hemisphere  toward  the  reader.  On  11  September  the  sun  rose  at  0618. 
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Table  3 


Photometer  Data  of  UBO  Sighting 


Sighting 

HST 

Elevation 

Azimuth  -  ip 

t  min 

Alp 

1st 

h 

04 

m 

34 

s 

25 

14° 

47° 

2nd 

04 

35 

28 

15° 

41° 

1.05 

6° 

3rd 

04 

37 

45 

16° 

36° 

2.28 

5° 

4  th 

04 

38 

37 

17° 

37° 

0.87 

-1° 

At  0439  HST  the  point  of  observation,  H,  was  70°  east  of  its  posi¬ 
tion  at  midnight.  The  distance  to  the  point  where  the  body  was  last 
seen  is  HO  which,  from  known  quantities  is 

HO  =  638  km, 

so  that  by  the  time  the  object  vanished,  it  had  travelled  a  great  circle 
distance 

d'  '  3100  km 

in  13  m  37  s  for  an  average  velocity  over  the  earth's  surface  of 

V  ~  228  km/min. 

The  distance,  d,  of  the  body  from  the  observer  at  each  sighting 
until  iss  disappearance,  which  is  assumed  to  be  coincident  with  the 
time  of  last  observation,  is  shown  in  Fig.  6.  From  the  angular  vel¬ 
ocity,  the  angle  of  approach,  8,  can  be  approximately  computed;  the 
relevant  quantities  are  listed  in  Table  4,  where  w°,wr  is  the  angu¬ 
lar  displacement  in  degrees  and  radians,  respectively,  $  is  the  pro¬ 
jected  displacement  in  kilometers  and  V  the  average  velocity  between 
each  observing  interval,  in  km/min.  The  measure  of  ellipticity  is, 
as  before.  Sin  6  =  V/228,  where  6  is  the  angle  between  the  trajectory 
and  the  line  of  sight. 
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HALEAKALA  H 

COMPOSITE  CHART  OF  SIX  SCANS  OF  A  FILTER  TRANSMISSIONS:  5080  & 

ZODICAL  SCANNING  PHOTOMETER,  SEPT  ALMUCANTAR  ELEVATION,  h,  IN  DEGREES 

10-11,  1967,  SHOWING  FOUR  BRIGHT  HORIZONTAL  SCALE:  AZIMUTH  INCREAS- 

PEAKS  INDICATED  BY  THEIR  TIMES.  ING  TO  THE  RIGHT 

VERTICAL  SCALE:  BRIGHTNESS  IN 
ARBITRARY  UNITS 


Indy'S  -y  jfsv*-*  **  ««  f  *  »> 


firv*ws*.v  -»*« 


The  data  were  obtained  directly  from  the  output  tape,  eliminating 
almost  completely  errors  due  to  manual  data  reduction.  Backlash  errors 
in  azimuth  are  negligible.  As  a  field  is  only  3°,  the  uncertainty  in 
altitute  is  smaller  than  with  a  larger  field,  and  remains  ±1.5°,  the 
error  in  4  for  the  first  interval  “5%,  for  the  second  “10%  and  very  high 
for  the  third.  However,  it  must  be  emphasized  that  the  geometrical 
reconstruction  was  quite  crude  and  errors  introduced  by  it  are  probably 
greater  than  instrumental  errors.  Absence  of  information  about  the  tra¬ 
jectory  introduces  the  most  serious  uncertainty  and  the  values  for  d, 

4>,  V  and  3  should  be  regarded  skeptically.  The  errors  shown  in  Table  4 
for  are  derived  entirely  from  the  uncertainty  in  the  field. 

Table  4 


Sighting 


Interval 

0 

b) 

ur 

d 

* 

V 

Sin  8 

'8 

1-2 

6.2**2 

1595 

172 

164  . 

0.72 

46° 

2-3 

c  .  ♦ .  5 

•o89!:SS2 

1356 

121 

53 

0.23 

13° 

3-4 

-  .  4 

•°23-:“o5 

836 

19 

22 

0.10 

6° 
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Even  though  the  reconstruction  is  yery  approximate,  the  mag¬ 
nitude  of  B  indicates  a  sub-orbital  trajectory,  because  when  last 
seen  the  body  was 

h  *  638  sin  17*  x3*371  *  194  **' 

above  the  surface  of  the  earth,  and  at  this  distance  it  would  be  ex¬ 
pected  that  6  5  17®  for  an  object  in  orbit. 
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9 .  Radar 

The  use  of  radar  has  spread  into  many  diversified  fields  since  its 
introduction  as  an  aircraft -tracking  instrument  at  the  beginning  of 
World  War  II.  One  of  the  first  non-military  uses  it  was  put  to  was 
tracking  weather  balloons.  Not  long  after,  it  was  discovered  that, 
given  the  proper  wavelength,  radar  could  detect  clouds  and  the  position 
of  rain  and  hail  in  storms.  Since  then  its  use  has  extended  to  track¬ 
ing  satellites,  investigating  the  atmospheres  of  several  planets  in 
the  solar  system,  including  our  own,  determining  the  trajectory  of 
meteors  and  predicting  their  points  of  impact  and  studying  lightning 
and  violent  storms  (Battan,  1962) . 

In  general,  radar  provides  information  for  determining  the  vel¬ 
ocity,  range,  elevation  and  azimuth  of  the  reflecting  objects  in  its 
field  of  view.  Indirectly,  it  will  furnish  some  data  on  the  state  of 
the  matter  which  is  backs  cat  tering  (reflecting)  radio  energy;  other 
variables  such  as  temperature  and  index  of  refraction  can  sometimes 
be  inferred. 

The  resolving  power  of  radar,  defined  as  the  minimum  distance  be¬ 
tween  two  objects  (or  two  parts  of  one  object)  necessary  to  make  them 
appear  separate,  is  poor.  Details  of  the  shape  of  the  reflecting  ob¬ 
ject  and  other  features  can  never  be  determined  except  in  the  most 
general  way  and  only  when  the  object  is  very  much  larger  than  the  radaT 
wavelength.  Rayleigh's  criterion  states,  essentially,  that,  in  order 
for  two  objects  to  appear  separate,  the  wavelength  of  the  electro¬ 
magnetic  radiation  that  illuminates  them  must  be  of  the  same  order  of 
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magnitude  as,  or  smaller  than,  the  distance  between  them.  This  prin¬ 
ciple  applied  to  the  most  common  types  of  radars  used  in  weather  sur¬ 
veillance,  explains  their  lack  of  resolving  power  because  their  wave¬ 
lengths  are  ten  centimenters  or  greater.  In  addition,  the  argument 
that  the  resolving  power  of  the  all-sky  camera  is  poor  because  the 
ratio  of  image  size  to  emulsion  silver  grain  size  is  small,  applies 
here:  if  the  range  of  a  typical  weather  radar  is  450  km.,  the  ratio 
of  the  area  of  the  image  of  even  large  solid  objects  to  the  area 
covered  by  the  scope  is  exceedingly  small. 

The  range  resolving  power  of  radar  is  also  dependent  upon  pulse 
duration.  The  limit  of  resolution  in  the  direction  of  propagation  is 
half  the  linear  dimension  of  the  pulse  because  at  intervals  less  than 
that  the  echo  formed  by  the  leading  edge  of  the  pulse  reaching  the 
more  distant  object  overlaps  the  echo  formed  by  the  trailing  edge 
of  the  pulse  returning  from  the  nearer  object.  Thus,  if  the  radar  is 
"looking"  at  two  objects  in  its  "line  of  sight,"  and  if  its  pulse 
duration  is  1  usee.,  it  wiil  not  display  as  separate  from  each  other, 
in-line  targets  whose  ranges  differ  by  less  than  500  ft. 

Radar  reports  information  in  three  coordinates:  range,  elevation, 
and  azimuth.  The  resolving  power  in  the  range  coordinate  is  deter¬ 
mined  by  pulse  duration.  Resolving  power  in  elevation  and  azimuth 
depend  upon  the  same  conditions  that  apply  to  optical  resolution. 
Rayleigh's  criterion  for  the  optical  resolution  of  a  telescope  can 
be  used  for  this  purpose,  if  the  radar  antenna  is  circular  and  its 
diameter  is  regarded  as  its  aperture.  Resolving  power  is  proportional 
to  the  ratio  of  the  wavelength  to  aperture  (diameter).  This  is 
another  way  of  saying  that  the  ratio  determines  the  angular  beam 
width  of  a  radar  transmitting-receiving  antenna.  Resolving  power  is 
determined  for  this  case  by  the  equation 

r  -  70°  (i) 

where  X  is  wavelength,  D  is  antenna  diameter,  and  70°(=  1.22  rad.)  is 
the  angular  size  of  diffraction  disc  image  of  a  point  source  for 
unit  ^  ratio  as  derived  by  Rayleigh.  (For  other  than 


1247 


fwwwiwwiw  imwwwhvk  rww»»  * 


antennas  with  a  circular  aperture,  resolving  power  must  be  separately 
computed  for  the  vertical  and  horizontal  planes) .  Applying  the  equation 
to  a  radar  with  a  wavelangth  of  3  cm.,  and  whose  parabolic  antenna  has 
a  diameter  of  3  m.,  the  beam  width,  and  therefore  the  resolving  power, 
is  found  to  be  0.7°of  arc  in  elev  tion  and  azimuth. 

Radar  is  frequently  able  to  see  targets  virtually  undetectable 
by  the  unaided  eye  or  on  photographic  film.  This  greater  sensitivity 
is  due  to  marked  differences  in  the  signal-to-noise  ratio  of  wave¬ 
lengths  employed  by  radar  compared  to  the  optical  wavelengths  upon 
which  the  eye  and  the  camera  must  rely.  The  atmosphere  is  almost  com¬ 
pletely  transparent  to  radar  wavelengths  between  3  cm.  and  10  cm.  It 
scatters  such  waves  hardly  at  all.  At  optical  wavelengths,  it  is  still 
relatively  transparent,  but  air  scatters  energy  appreciably,  especially 
at  the  short  (blue)  wavelengths  (Rayleigh  scattering):  hence,  the  blue 
sky.  In  addition,  unlike  the  radar  case,  there  is  a  powerful  source 
of  optical  noise  present  in  the  daytime  sky  --  the  sun.  Thus,  a  pale 
blue  object  seen  against  the  sky  is  nearly  invisible  to  the  retina  or 
to  photographic  film,  yet,  if  constructed  of  metal,  the  object  will 
reflect  radar  waves  strongly. 

Design  of  a  radar  to  track  targets  very  much  smaller  than  the 
wavelength  takes  into  account  that  for  a  given  wavelength,  backscat- 
tering  power  varies  as  the  sixth  power  of  the  target  size  (Rayleigh's 
Law  of  Scattering)  and,  conversely,  for  a  given  target  size  the  power 
varies  inversely  as  the  fourth  power  of  the  wavelength.  Furthermore, 
atmospheric  attenuation  of  the  beam  increases  ms  frequency  increases. 

The  balancing  of  these  factors  results  in  the  choice  of  a  10-20  cm. 
wavelength  for  radar  which  are  to  survey  extensive  storms  such  as  hurri¬ 
canes;  3-10  cm.  for  tracking  metallic  objects;  and  1-3  cm.  for  studies 
of  rain  and  hail  distributions  (Battan,  1959). 
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The  first  exact  theory  of  scattering  of  electromagnetic  waves 
by  a  sphere  was  developed  by  Gustav  Mie  in  1908.  In  this  theory,  the 
dielectric  constant  and  therefore  the  index  of  refraction  of  the  sphere 
determines  in  large  part  the  amount  of  backscatter  at  any  wavelength 
(Bom,  1964).  For  example,  the  backscatter  from  a  hailstone  is  enor¬ 
mously  greater  than  that  from  a  raindrop  of  equal  size,  and,  as  a  re¬ 
sult,  radar  can  provide  data  for  estimating  the  amount  of  ice  or  hail 
in  a  storm  cloud.  In  effect,  therefore,  it  can  give  information  on  the 
state  of  matter  in  the  scattering  object,  for  example;  it  can  dis¬ 
tinguish  between  wet  and  dry  hailstones. 

Anomalous  reflections  called  "angels"  can  sometimes  be  ascribed 
to  certain  atmospheric  conditions.  Temperature  inversions  cause  rapid 
changes  in  the  index  of  atmospheric  refraction  at  the  interfaces  of 
the  layers  and  such  changes  can  give  rise  to  radar  echoes  exactly  as 
similar  conditions  account  for  mirages  in  the  case  of  visible  wave¬ 
lengths.  (See  Section  III,  Chapter  5  Section  VI,  Chapter  5. 

As  would  be  expected  from  Maxwell's  equations,  radar  echoes  will 
be  produced  by  regions  of  high  ionization  where  there  is  an  apprec¬ 
iable  density  of  free  charges.  This  is  the  reason  why  lightning  paths 
are  visible  to  radar.  The  density  of  charges  in  the  trail  of  a  meteor 
is  different  from  that  in  the  immediately  surrounding  space,  and  the 
radar  echo  arises  from  this  difference  in  space  charge,  not  by  reflec¬ 
tion  from  the  nucleus  of  the  meteor  itself  (Lovell,  1954).  Depending 
upon  the  magnitude  of  the  radar  "cross-section"  some  "angels"  can  be 
ascribed  to  echoes  from  birds  or  even  insects.  "Cross-secti an"  is 
better  defined  as  the  ratio  of  the  reflected  power  per  unit  solid 
angle  to  the  incident  power  density;  in  other  words,  it  is  a  measure 
of  the  effectiveness  of  the  target  in  reflecting  radiation  and  will 
have  a  different  value  for  er.ch  wavelength.  Inasmuch  as  birds  and 
insects  are  usually  smaller  than  radar  wavelengths,  their  actual  dimen¬ 
sions  cannot  be  measured,  although  their  radar  cross-section  can  be 
(Glover,  1966).  This  quantity,  for  several  species  of  birds  and  insects 
is  tabulated  below  as  a  function  of  radar  wavelength: 
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Table  5 


Mean  cross- 


Target 

Wavelength 

,  o 

section  car 

Hawkmoth 

10.7 

1.0 

Honeybee 

10.7 

3.0 

x  10‘ 

Sparrow 

10.2 

15.0 

-2 

71.5 

2.5 

x  10  la) 

3.5 

1.9 

Pigeon 

10.2 

80.0 

71.5  (a) 

11.0 

Pigeon 

3.5 

15.0 

3.5 

1.1 

head 

100.0 

broadside 

1.0 

tail 

(a)  Transmitted  beam  vertically  polarized;  received  echo  also 
vertically  polarized. 

(Table  taken  from  Glover  (1966)  and  Conrad  (1968). 


The  extreme  sensitivity  of  radar  is  well  illustrated  here:  The 
insect  targets  were  at  least  10  km.  distant  and  the  birds  at  ranges 
between  10  and  20  km.  when  the  measurements  were  made.  Because  of 
the  poor  resolution  of  the  radars,  the  cross-section  is  simply  a 
measurement  of  relative  backscattered  power  and  now  the  actual  spatial 
extent  of  the  object  on  the  radar  scope.  In  other  words,  the  moth  can 
be  distinguished  from  the  sparrow  only  by  determinations  of  the  power 
received  rather  than  by  shape  and  size;  the  head  of  a  pigeon  cannot  be 
differentiated  from  the  tail. 

The  radar  return  does,  however,  contain  informa¬ 
tion  which  provides  a  basis  for  identifying  an  unknown 
point  target  as  a  bird .... 
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Unis,  the  radar  return  from  single  birds  in 
flight  differs ...  from  other  possible  point  or  dot 
targets,  such  as  aircraft,  swarns  of  insects, 
several  birds  together,  or  small  clouds  or  other 
meteorological  structures  (Conrad,  1968) . 

Weather  Radar: 

Of  the  14  types  of  radars  used  by  the  U.S.  Weather  Bureau  :?nly 
the  WSR-57  which  is  equipped  with  a  35  mm.  camera  appears  to  bt  adapt¬ 
able  to  UFO  searches.  The  salient  features  of  this  instrument  are 
enumerated  below: 


WSR-57 


Wave 

Length 

cm. 


Pulse  Length 
Rep.  rate 


Peak 

Power  Beam 
Output  Width 
K.W. 


Sweep 

Character-  Scopes  Range 
istics 


Alti¬ 

tude 


10.3  (•>  and  0.5  micro/sec  500 
2.5  cm.  plan-  at  658  pulses 
ed  but  not  per  sec.  or 
yet  on  order)  4.0  micro/sec 
at  164  pulses 
per  sec. 


Automatic, 

PPI 

464km.  -10 

manual  in 

RHI 

to 

altitude 

R 

+40 

or  azimuth 

A 

at  0-24°/sec 

(Source:  U.S.  Dept  of  Commerce) 

These  radars  are  placed  around  the  perimeter  of  the  Weather  Net¬ 
work  and  are  interspersed  with  the  eastern  stations  of  the  Praric 
Network  in  Minnesota,  Iowa,  Kansas,  Oklahoma,  Missouri  and  Illinois. 

They  are,  therefore,  well  located  to  furnish  corroboration  of  sightings 
in  any  future  investigations. 

The  sky  coverage  of  these  radars  is  obviously  less  than  that  of 
the  airglow  photometers  since  they  are  limited  in  their  choice  of 
elevation  and  they  have  only  a  2°  sweep  width. 

The  photographic  program  which  has  been  carried  over  the  last  few 
years  consists  in  taking  one  scope  picture  of  one  sweep  every  15  min. 
in  times  of  clear  weather  and  more  frequently  when  storms  were  develop¬ 
ing.  These  films  are  available  for  inspection,  but  the  Colorado  project 
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made  no  attempt  to  search  for  confirmatory  evidence  of  reported  sightings 
because  each  photograph  covers  only  1.7%  of  each  hour  of  elapsed  time. 

Meteor  Radar 

The  facilities  of  the  Radar  Meteor  Project  of  the  Smithsonian 
Institution  are  located  at  Long  Branch,  some  seven  miles  south  of 
Havana,  Ill.  They  consist  of  a  network  of  eight  receivers  and  one 
4  Mw,  40  MHz  transmitter,  with  antennas  bearing  113°T.  This  dir¬ 
ection  was  chosen  as  the  most  favorable  one  for  the  detection  of 
faint  meteor  trails. 

The  main  lobe  of  the  radiation  pattern  from  the  two  transmitting 
antennas  is  inclined  upward  at  45°  and  has  a  half-power  horizontal 
width  of  -  20°  and  a  half-power  vertical  width  of  ~  11°. 

Pulses  of  6  usee,  duration  are  emitted  at  the  rate  of  about  1300  per 
second,  so  that  the  echo  from  an  object  200  km.  distant  will  return 
within  one  pulse  cycle.  An  object  in  the  beam  at  200  km.  will  be 
about  140  km.  above  Decatur,  Ill.  The  Havana  radar  is  thus  designed 
to  scan  approximately  the  same  volume  of  sky  monitored  by  an  image 
orthicon  located  at  Sidell,  (near  Urbana)  Ill.  (see  Section  12). 

The  radar  will  detect  meteors  as  faint  as  m  ,  =  +13  for  count- 

rad 

ing  purposes,  and  mra(j  =  +1’  and  will  acquire  echoes  from  3,000-4,000 
meteors/hr. 

The  system  is  capable  of  receiving  echoes  from  objects  at  al¬ 
most  any  distance  from  the  transmitter.  In  order  to  limit  the  in¬ 
formation  to  "suitable"  meteors,  meteor-recognition  logic  has  recently 
been  installed  which  filters  out  extraneous  signals  such  as  those 
from  aircraft.  These  echoes  are,  however,  visible  on  the  monitoring 
oscilloscopes  and  are  characterized  by  a  persistence  greater  than 
that  of  meteors.  Data  pertaining  to  "suitable"  echoes  is  recorded 
on  magnetic  tape.  Similar,  but  unfiltered  data  is  simultaneously 
recorded  on  film  (Smithsonian,  1966). 

During  1967,  many  non-meteoritic  echoes  were  seen  on  the  oscillo¬ 
scopes  and  recorded  in  the  Havana  log  book.  Using  the  film  record, 
the  Colorado  project  sought  to  determine  how  many  of  the  UFOs  sighted 
during  1967  in  a  radius  of  ~  140  km.  from  Havana,  had  resulted  in  an 
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echo  which  had  been  both  filmed  and  logged.  Of  nine  cases  (the 
same  used  to  test  the  orthicon),  seven  had  occurred  when  the  station 
was  not  operating.  The  eighth  case  covered  a  series  of  sightings 
over  a  period  of  10  days  during  which  the  station  was  operating.  Un¬ 
fortunately,  only  very  sketchy  observing  data  were  available.  The 
object  was  seen  from  Kilbourne,  about  five  miles  south  of  the  trans¬ 
mitter,  "over  the  west  south-west  horizon."  Station  attendants  had 
been  alerted  that  unusual  objects  had  been  seen  in  the  area.  The 
absence  of  entries  in  the  log  book  implies  that  nothing  unusual 
appeared  on  the  scopes.  This  is  not  surprising  because  echoes  of 
objects  very  close  to  the  station  are  lost  in  the  display  formed 
by  the  transmitted  pulse,  particularly  at  low  altitudes.  If  the  ob¬ 
jects  had  been  farther  away  but  bearing  ~140oT  (WSW)  they  would  not 
have  been  located  within  the  main  lobe  of  radiation  bearing  ~113°T. 

Objects  outside  this  zone  of  maximum  transmitted  power  would  return  echoes 
too  faint  to  be  observed  against  background  "noise." 

The  ninth  object  is  the  one  that  the  image  orthicon  recorded  in 
a  test  run  on  November  7th,  1967  at  2330  +  3  m.  It  was  subsequently 
identified  as  a  fireball.  No  simultaneous  radar  sighting  was  made 
because  the  radar  was  not  in  operation. 

10.  The  Image  Orthicon 

One  of  the  important  problems  in  meteor  physics  is  the  cross¬ 
correlation  by  simultaneous  radar  and  optical  meteor  observations  of 
ionization  and  luminous  efficiencies  ^  functions  of  velocity. 

The  development  of  the  i nage  orthicon  has  made  such  cross-correla¬ 
tion  studies  feasible.  The  i  rstrument  ir,  ?  conventional  vidicon  tele¬ 
vision  camera  modified  so  as  to  increase  its  sensitivity.  This  is 
achieved  by  adding  an  image  intensifies:  ahead  of  the  scanning  mechan¬ 
ism  in  the  camera.  The-  result  yields  a  sensitivity  equivalent  to  an 
ASA  rating  of  100,000.  Such  extreme  sensitivity  permits  detection  of 
meteors  having  a  limiting  magnitude  of  about  +7.  This  is  well  within 
the  equivalent  M  ^  range  detectable  by  radar,  and  considerably  super¬ 
ior  to  the  capability  of  any  photographic  system  except  the  48  in. 


v 
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Schmidt  telescope  at  Mt.  Palomar.  Tests  show  that  the  image  orthicon 
will  detect  20-30  meteoroids  per  hour. 

The  image  orthicon  site  in  Sidell,  Ill.,  about  35  mi.  SE  of  Urbana, 
was  chosen  by  the  Smithsonian  Institution  with  two  objectives  in  mind. 

Using  a  lens  having  a  16°  field  (the  optimum  lens  for  meteor  surveys) , 
the  image  orthicon  is  sited  to  survey  approximately  the  same  area 
of  sky  over  Decatur  as  that  covered  by  the  20°  beam  of  the  Long  Branch 
radar  (see  previous  section) .  But  whereas  the  radar  is  sited  so  as  to  track 
the  meteor  trails  at  about  right  angles,  the  image  orthicon  is  located  so 

that  its  optical  axis  is  more  nearly  parallel  to  the  meteors'  paths. 

Linked  by  microwave  and  radio,  the  radar  and  the  image  orthicon 

_2 

are  able  to  determine  times  within  10  sec.,  thereby  minimizing  am¬ 
biguities  as  to  the  identity  of  the  objects  observed. 

As  in  conventional  television,  an  875-line  scan  samples  the  tube 
target  in  two  sets  of  sweeps  of  alternate  lines,  each  requiring  1/60 
„cc.  When  the  alternate  sweeps  are  interlaced,  flicker  and  resolu¬ 
tion  are  greatly  improved.  The  electronic  image  is  recorded  on  mag¬ 
netic  tape  and  can  be  immediately  played  back  for  viewing  on  a  moni¬ 
tor.  Used  in  this  way,  the  high  sensitivity  of  the  image  orthicon 
permits  the  acquisition  of  moving  aerial  objects  that  would  be  un¬ 
detectable  photographically  because  of  the  effect  of  trailing.  Photo¬ 
graphic  records  of  the  monitor  images  can  be  recorded  by  a  35  mm. 
camera  operating  at  any  desired  frame  speed. 

The  sensitivity  of  some  image  orthicons  can  be  further  increased 
by  operating  them  in  the  integrating  mode.  In  this  procedure,  the 
electronic  image  is  swept  away  less  frequently,  thereby  allowing  the 
photoelectron  population  due  to  ultrafaint  images  to  build  up.  The 
Smithsonian  image  orthicon  has  no  provision  for  this  technique,  nor 
does  its  camera  permit  the  making  of  time-lapse  photographs  which 
are  preferable  when  the  device  is  operating  in  the  integrating  mode 
(Williams,  1968)* 

During  1967  there  were  nine  sightings  of  UFOs  within  a  distance 
of  -  200  km.  from  Urbana.  (These  were  the  same  sightings  which  were 
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correlated  with  the  radar  records.)  Eight  of  the  sightings  occurred 
before  testing  of  the  image  orthicon  began  in  August.  The  ninth  was 
a  sighting  on  7  November  at  2230  +_  3  min.,  of  a  bright  object  between 
Urbana,  Ill.  and  Lafayette,  Ind.  This  event  was  recorded  on  the  image 
orthicon  tape  during  a  test.  A  film  of  the  tape  clearly  shows  a 
bright  mass  moving  rapidly  across  a  corner  of  the  field.  The  object 
is  badly  resolved  due  to  its  great  brightness,  but  the  shape  of  the 
image  suggests  that  the  meteoroid  had  already  broken  into  two  pieces. 
Preceding  the  meteoroid  image  is  a  large  ghost  image  which  is  the 
result  of  reflections  between  the  lens  elements.  Just  prior  to  the 
appearance  of  the  meteor,  a  small  object  can  be  seen  moving  at  90° 
to  the  fireball  trajectory.  This  object  has  been  identified  by  Wright- 
Patterson  AFB  as  a  satellite. 

11.  Proton  Magnetometers 

The  variation  in  the  magnitude  and  direction  of  both  the  horizon¬ 
tal  and  vertical  components  of  the  earth's  magnetic  field  is  of  such 
importance  in  geophysics  that  a  network  of  some  240  geomagnetic  obser¬ 
vatories  have  been  deployed  by  severa*  countries  at  stations  all  over 
the  globe  (NAS  1968) .  Thirteen  of  these  stations  exist  in  the  con¬ 
tinental  United  States  and  of  these,  three  are  situated  on  the  western 
edge  of  the  Prairie  and  Weather  Radar  networks. 

Most  of  the  instruments  at  the  geomagnetic  stations  are  proton 
magnetometers.  These  instruments  have  a  sensitivity  of  about  1  y 
(=  10”^  gauss)  in  magnetic  field  strength.  This  means  that  the  in¬ 
strument  is  capable  of  detecting  at  a  distance  of  185  m.  the  field 
strength  along  the  axis  of  a  single-turn  circular  conductor  20  m. 
in  diameter  in  which  a  100  amp.  direct  current  is  flowing.  In  addition 
to  this  extreme  sensitivity  to  field-strength  fluctuations,  the  proton 
magnetometer  is  capable  of  detecting  0.1'  of  arc  in  declination,  de¬ 
fined  as  the  deviation  of  the  horizontal  component  of  the  earth's  mag¬ 
netic  field  from  0°T.  Since  the  mean  strength  of  the  earth's  magnetic 
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field  at  aidlatitudes  is  about  50,000  y,  the  instruments  are  sensi¬ 
tive  to  about  one  part  in  50,000  of  the  earth's  field. 

Assuring  a  model  consisting  of  a  line  current  in  the  vortex 
extending  fro*  the  ground  to  a  height  of  10  km.  and  an  image  current 
of  equal  length  in  the  earth.  Brook  (1967)  calculates  that  the  cur¬ 
rent  in  a  tornado,  which  caused  a  lSy  deflection  in  a  magnetometer 
9.6  km.  distant,  was  about  1,000  amp.  Revising  the  model  to  make 
it  more  realistic,  he  assumes  that  a  20  km.  horizontal  line  current 
6  km.  above  the  earth  joins  a  6  km.  vertical  line  current  to  the 
earth  together  with  an  equal  earth  image.  The  current  necessary  to 
produce  the  observed  15y  field  is  then  only  225  amp. 

Consideration  of  the  electromagnetic  effects  produced  by  tor¬ 
nadoes  suggests  that  some  UFO  sightings  may  have  been  stimulated  by 
these  storms,  and  that  continued  photographic,  geomagnetic  and  radar 
observations  would  be  useful  in  studying  them. 

The  claim  that  UFOs  produce  powerful  magnetic  fields  could  also 
be  investigated  by  proton  magnetometer  measurements.  The  problem, 
however,  is  a  familiar  one:  thus  far  it  has  not  been  possible  to 
bring  instrumentation  to  the  scene  of  a  sighting  while  UFO  phenomena 
were  still  observable. 

Papers  by  Vonnegut  and  Weyer  (1966)  and  Colgate  (1967)  contain 
extensive  lists  of  references  cn  tornado  energy  phenomena.  Much  of 
the  information  for  this  section  was  supplied  by  Dr.  Joseph  H.  Rush, 
High  Altitude  Observatory,  National  Center  for  Atmospheric  Research, 
Boulder,  Colo. 

12.  Lasers 

The  use  of  lasers  in  tracking  objects  is  analogous  to  the  use  of 
radar,  the  principal  difference  lying  simply  in  the  wavelength  of  the 
radiation  in  the  emitted  pulse.  As  in  radar  tracking,  the  information 
obtained  is  range,  azimuth,  and  altitude,  but  the  accuracy  of  laser 
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ranging  is  expected  to  be  better  than  in  3  cm.  radar  by  a  factor  of  two, 
because  of  the  smaller  effect  of  atmospheric  water  vapor  on  the  refrac¬ 
tive  index  at  the  laser  wavelength. 

The  extremely  good  collimation  of  a  laser  beam,  where  the  angu¬ 
lar  spread  is  less  than  2  x  10_5radians  (a  few  seconds  of  arc),  is 
a  two-edged  sword  insofar  as  the  development  of  laser  ranging  is 
concerned.  The  narrow  beam  increases  the  accuracy  of  azimuthal  data 
and  diminishes  the  transmitted  power  required  to  yield  a  detectable 
return  signal;  but  this  very  narrowness  increases  the  difficulty  of 
scoring  a  hit  on  a  rapidly  moving  object  in  low  orbit. 

Laser  ranging  has  been  in  the  developmental  stage  for  only  a 
few  years  and,  at  the  present  state  of  the  art  would  be  of  only  lim¬ 
ited  value  in  UFO  investigations.  However,  laser  technology  is  ad¬ 
vancing  rapidly  and  it  seems  quite  probable  that  future  laser  rang¬ 
ing  devices  could  be  useful  in  UFO  searches. 

13.  Observations  and  Comments 

The  description  of  a  phenomenon  requires  the  collection  of  many 
of  its  qualitative  and  quantitative  aspects.  If  the  data  relating  to 
these  aspects  is  sufficient  to  permit  the  construction  of  a  model  then 
this  model  can  be  identified  as  belonging  to  one  or  another  known  cate¬ 
gory  of  phenomena  if  their  mutual  similarities  are  numerous  enough. 
Conversely,  if  the  similarities  are  not  numerous  enough,  it  may  be 
necessary  to  identify  the  model  as  a  member  of  a  completely  new  cate¬ 
gory. 

In  the  majority  of  UFO  sightings,  the  amount,  type  and  quality  of 
the  data  have  been  insufficient  even  to  describe  the  event,  to  say  noth¬ 
ing  of  identifying  it  with  a  known  classification.  Data  from  many  other 
sightings  have  been  adequate  for  identification  with  familiar  phenomena, 
to  a  reasonable  level  of  confidence,  but  in  no  case  have  the  data  been 
either  detailed  or  accurate  enough  to  class  the  event  as  a  new  phenomon. 

The  lack  of  instrumented  observations  has  curtailed  investigation 
of  a  number  of  events  which  sounded  fascinating  and  on  the  threshold 
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of  revealing  something  novel.  No  matter  how  detailed  or  how  intelligent 
the  reports  of  observers,  qualitative  statements  could  not  serve  to  de¬ 
fine  an  unfamiliar  phenomenon.  To  do  so  requires  a  quantitative  des¬ 
cription  of  a  number  of  basic  characteristics,  some  of  which  are  listed 
below: 

1.  Dimensions. 

2.  Position,  that  is,  coordinates  in  some  frame  of  reference, 
usually  with  respect  to  the  observer. 

3 .  Shape . 

4.  Mass. 

5.  Motion  -  velocity  and  accelerations,  particularly  with 
reference  to  the  method  of  propulsion. 

6.  Interactions  with  other  systems  -  effects  of  electric 
and  magnetic  fields  on  surrounding  objects,  emission 
of  energy  in  the  form  of  exhausts,  light  and  sound, 
aerodynamic  lift,  ionization. 

7.  Matter  primarily  involved  -  the  composition  and  state 
of  matter  and  its  temperature,  rigidity  and  structure. 

8.  Origin  -  the  genesis  of  the  phenomenon,  the  conditions 
which  gave  rise  to  it,  its  presence  in  and  mode  of  trans¬ 
port  to  the  region  in  which  it  was  observed. 

Instrumentation  to  acquire  knowledge  of  these  characteristics  must 
be  designed  with  appropriate  regard  for  the  behavior  shown  both  by  UFOs 
and  some  other  phenomena  which  can  be  loosely  classed  together  as  ob¬ 
jects  difficult  to  identify.  Any  instrumentation  for  the  detection  and 
identification  of  these  objects  must  be  elastic  enough  to  cover  the  wide 
range  of  expected  behavior.  A  comparison  of  various  salient  characteristics 
of  some  objects  observed  in  the  atmosphere  is  set  out  in  Table  6. 

An  explanation  of  some  of  the  statements  in  the  table  is  of  interest: 
Duration: 

1)  The  large  majority  of  meteors  have  been  observed  to  have 
a  duration  shorter  than  15  sec.  Thus  if  a  meteor  moving  at  30  km/sec 
at  an  altitude  of  80  km.  is  visible  over  160°  of  sky,  its  path 
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Characteristics  of  Some  Objects  Observed  in  the  Atmosphere 


Romig,  1963) 
(Vonnegut,  1968) 


Table  6  (cont'd) 

Characteristics  of  Some  Objects  Observed  in  the  Atmosphere 
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80  km. 


d  =  2x -  =  900  km. 

tan  10° 

so  that  it  will  have  a  maximum  distance  from  the  observer  of 
450  km.  Therefore,  it  will  be  visible  for  not  more  than 

900 

t  =  - =  30  sec. 

30 

However,  most  meteors  do  not  usually  have  the  luminance  to  be 
seen  at  a  distance  of  450  km. 

2)  In  the  case  of  satellites,  one  which  has  a  90  min. 
period  at  an  altitude  of  200  km.,  and  can  be  seen  over  160° 
of  sky,  will  be  visible  for  about  4.5  min. 

3)  Tornadoes  occasionally  persist  for  a  long  time  and  travel 
many  miles. 

Velocity  range: 

1)  The  lowest  meteor  velocity  (prior  to  the  last  few 
seconds  before  impact)  is  '  17  km/sec.  The  greatest  velocity 
imparted  artificially  to  a  small  object  is  '  14  km/sec  by 
means  of  a  four-stage  rocket  in  a  ballistic  trajectory  and  a 
final  boost  with  a  shaped  charge.  (McCrosky,  1968) 

2)  Satellites  with  a  near-escape  velocity  of  17,000  mph 
have  a  velocity  of  only  7.6  km/sec. 

3)  For  aircraft,  2,000  km/hr  or  '0.6  km/sec. 

4)  A  tornado  usually  moves  at  5-70  mph.,  (0.002-0.03  km/sec). 

Altitude : 

1)  The  Prairie  Network  attempts  to  get  stereo-pairs  of 
meteor  photographs  for  trajectories  at  40-80  km.  in  altitude 
and  downstream  single  photos  at  10-40  km.  altitude  to  predict 
the  point  of  impact. 
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2)  Perigee  and  apogee  of  most  satellites  lie  in  the 
range  of  100-2,000  km. 

3)  Aircraft:  26  km.  |;  16  mi.  -  80,000  ft. 

4)  Vonnegut  (1968)  states  that  although  thunderstorms 
spawn  tornadoes,  the  higher  the  storm  the  greater  the  proba¬ 
bility  of  formation.  "Ordinary"  thunderstorms  at  an  altitude  of 
about  8  mi.  rarely  produce  tornadoes  while  those  at  12  mi. 
often  do. 

Azimuth: 

1)  Meteors  appear  in  a  region  bounded  by  a  few  degrees 
on  each  side  of  the  plane  of  the  ecliptic  and  their  trajec¬ 
tories  will  be  oriented  isotropically  with  respect  to  their 
points  of  origin. 

2)  Satellites  lauched  from  Cape  Kennedy  will  travel  from 
west  to  east,  with  a  small  southward  component;  those  launched 
from  Vandenberg  AFB  are  most  often  in  a  polar  orbit,  though  some 
are  in  retrograde  orbit. 

3)  Aircraft,  of  course,  will  be  seen  moving  in  any  direction 

4)  Tornadoes  seem  to  have  no  observable  directional  pattern. 
Review  and  Discussion  of  Several  Instrumental  Methods 

1)  TTie  Prairie  Network  covers  about  80%  of  the  volume 

of  space  above  each  camera  station.  This  is  as  good  a  coverage 
as  can  be  found  with  any  instrument  except  certain  types  of 
radar,  all -sky  cameras,  and  airglow  photometers. 

2)  The  coverage  is  continuous,  during  periods  of  good  visi¬ 
bility  from  dusk  to  dawn,  or,  roughly,  about  30%  out  of  every  day. 
Radar  has  the  advantage  of  daytime  coverage  over  optical  systems, 
but  resolution  and  identification  is  not  as  good.  The  presence 
of  "angels"  and  other  anomalies,  complicates  the  interpretations. 

3)  Certain  other  means  of  detection,  such  as  photometric 
scans,  have  much  longer  ranges  and  therefore  probe  very  much 
larger  volumes  of  sky.  But  these  systems  suffer  from  the  same 
disadvantages  as  radar. 

4)  No  other  optical  network  exists  which  is  as  extensive  as 
the  Prairie  Network,  the  coverage  of  which  is  '0.13  of  the  sky 
over  the  U.  S. 
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5)  Hie  network  has  been  designed  to  produce  data  which  allows 
the  direct  computation  of  altitude,  azimuth,  velocity,  and  brightness 
from  which  loss  of  momentum  and  impact  coordinates  can  be  found. 

Radar  will  acquire  the  same  data  but  will  record  neither  the  visual 
identifying  signals  emitted  by  a  plane  nor  the  brightness  of  a  meteor. 

6)  Objects  recorded  by  a  photographic  time  exposure  show  a  con¬ 
tinuous  projection  of  their  position  in  time.  In  many  radars  the 
object  is  located  only  once  every  sweep  and  since  each  sweep  may  have 
a  period  of  six  to  15  sec.,  rapid  course  changes  may  result  in  an 
inability  to  identify  successive  images  as  belonging  to  the  same 
object. 

7)  Although  the  network  is  at  present  purely  pictorial,  it  may 
shortly  be  improved  by  the  addition  of  a  spectrometric  camera  at  each 
station. 

8)  Devices  such  as  airglow  photometers  cover  the  sky  well  but 
also  have  shortcomings  similar  to  radar  because  each  scan  at  a 
given  zenith  angle  requires  a  relatively  long  time  and  a  complete 
sky  survey  requires  several  scans  taking  several  minutes. 

9)  Most  photometric  scanners  plot  intensities  as  a  function 
of  time  on  paper  tape.  Reduction  of  this  data  to  coordinates  is 
not  as  accurate  as  interpretation  of  the  network  film,  although 
it  is  good  enough  for  airglow  and  aurora  studies. 

10)  Differentiation  between  near-orbital  or  ballistic  object., 
and  the  star  background  is  much  simpler  in  network  photographs  than 

on  photometric  scan  tapes  because  star  trajectories  on  film  arc  obvious, 
whereas  on  tapes  a  pulse  produced  by  a  reflecting  or  self-luminous 
object  can  be  distinguished  from  a  pulse  produced  by  a  star  only  by 
comparing  its  coordinates  with  those  given  for  stars. 

11)  Scanning  radar  sky  coverage  is  very  good,  but  identifica¬ 
tion  of  objects  photographed  on  the  radar  scopes  is  much  more 
difficult  that  objects  seen  photographically,  both  because  of  poor 
resolution  and  because  of  the  lack  of  characteristic  patterns  such 
as  flashing  lights  on  planes,  and  so  forth.  Weather  radar,  however, 
would  be  a  useful  adjunct  to  a  photographic  patrol,  particularly 
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!  since  a  portion  of  the  weather  radar  system  is  interlaced  with 

the  network.  In  general,  it  can  be  said  that  the  most  effective 
(  use  of  radar  lies  in  confirmation  of  velocity,  range  and  direction. 

112)  Image  Orthicons  and  Vidicons :  The  use  of  these  photo¬ 
electric  devices  is  growing,  largely  because  their  sensitivity 

4 

|  is  greater  tnan  film  by  a  factor  up  to  10  .  Such  systems  can  also 

|  store  and  reproduce  the  image  immediately.  Thesp  attributes  make 

[  them  valuable  instruments  in  investigations  of  aerial  phenomena 

j  of  any  kind,  including  UFOs. 

t 

13)  A  number  of  UFO  reports  have  indicated  electromagnetic 
interactions  with  terrestrial  systems:  radio  and  TV  interference, 
stalled  internal  combustion  engines,  and  the  like.  It  woula  be 
desirable  to  investigate  the  frequency  with  which  UFOs  exhibit 
such  interactions  as  well  as  the  field  strengths  and  direction. 

No  network  of  stations  making  routine  recordings  of  atmospheric 
electric  potential  exists  at  present  in  the  U.S.  Electric  poten¬ 
tial  measuring  devices  might  be  incorporated  into  joint  geo¬ 
magnetic  weather  radar  and  Prairie  Network  system  at  a  lat^r  tirne. 

14)  There  have  been  persistent  reports  that  sometimes  sounds 
accompany  the  passage  of  large  meteors  (fireballs)  and  the  re-entry 
of  satellite  debris.  There  is  evidence  that  these  sounds  have 
been  heard  at  great  distances,  sometimes  simultaneously  with  the 
time  of  passage.  Th  is  suggests  that  fireballs  give  rise  to  electro¬ 
magnetic  fields  which  either  interact  with  the  surroundings  of 
the  observer,  or  directly  with  the  observer  himself,  to  produce 
audible  waves  (.Romig,  1963,  1964).  Stations  containing  geomagnetic 
or  electric  potential  measuring  devices  should  also  be  equipped  with 
tape  recorders  and  appropriate  acoustical  sensing  devices. 

15)  Other  instruments  such  as  ultra-violet  and  infra-red  sensors, 
and  radiation- counters  would  also  be  desirable. 

Existing  Instrument  Systems  of  Limited  Value 

1.)  The  Super-Schmidt  cameras  developed  for  meteor  studies 
are  sensitive  and  have  a  55°  field  but  they  are  few  in  number 
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and  individually  cover  only  a  hundredth  of  the  area  of  sky  covered 
by  one  Prairie  Network  station.  The  Baker-Nunn  cameras  which 
were  designed  for  satellite  tracking  have  a  much  smaller  field, 
and  although  there  are  perhaps  16  of  them  in  all,  they  are  scat¬ 
tered  all  over  the  world. 

2)  Sky  surveys  made  through  large  astronomical  telescopes 
cover  too  little  sky  at  each  exposure.  Because  of  their  slow 
photographic  speed,  only  very  bright  objects  moving  with  respect 
to  the  star  background  will  be  recorded. 

3)  The  Tombaugh  Survey  for  small  natural  earth  satellites 
was  an  extremely  systematic  search  (Tombaugh,  1959).  This  tech¬ 
nique  'ould  hardly  be  suitable  for  photographing  UFOs. 

The  capabilities  of  existing  instrumental  systems  to  record  the 
characteristics  necessary  for  quantitative  descriptions  of  UFOs  vary 
widely.  The  Prairie  Network  can  supply  data  on  position  and  motion 
at  all  times;  under  ideal  conditions  it  might  be  capable  of  deter¬ 
mining  dimensions  and  u  tut  it  cannot  directly  describe  mass,  inter¬ 
actions,  the  matter  a&c^iated  with  the  event,  its  origin  or  manner 
of  locomotion. 

Radar  is  more  limited  in  its  information  return.  It  can  report 
position  and  motion,  even  when  the  phenomenon  is  invisible  to  the  net¬ 
work,  but  it  cannot  furnish  information  on  any  other  characteristic, 
with  the  possible  exception  of  the  state  of  matter.  Photometric  scan¬ 
ners  are  even  more  limited. 

Determining  mass  and  kind  of  matter,  and  extensive  analysis  of 
the  structure  and  organization  of  an  UFO  require  that  such  an  object, 
if  one  exists,  be  made  continuously  available  for  instrumented  study. 

If  all  the  eight  characteristics  listed  at  the  beginning  of  this 
section  describe  adequately  an  UFO,  then  no  network,  simple  or  complex 
as  presently  constituted,  can  help  us  far  along  the  road  toward  the 
identification  of  that  type  of  event  which  today  defies  explanation. 

What  is  required  is  a  modified  and  extended  network,  so  designed 
that  its  component  systems  complement  each  ether,  ar.d  so  integrated 
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that  it  can  provide  storable  data  in  a  form  suitable  for  inter¬ 
disciplinary  study. 

More  specifically,  the  network  should  be  organized  along  the  follow 
ing  lines: 

1.  In  the  interests  of  economy  and  speed,  arrangements  should 
be  made  to  have  access  to  the  output  of  the  Prairie  Network,  and 
the  cooperation  of  its  investigators. 

2.  Similar  arrangements  should  be  made  with  the  Weather  Radar 
Network  and  a  program  of  photography  developed  along  lines  suitable 
for  the  acquisition  of  data  on  tornadoes  and  other  transient  phenom 
omena  not  detectable  by  time-exposure  photographs. 

3.  Simultaneous  observations  with  the  several  geomagnetic 
observatories  which  lie  in  or  near  the  combined  Prairie  Network- 
Weather  Radar  nets  should  be  provided  for. 

4.  Link  these  three  networks,  and  other  devices,  such  as 
tape  recorders  and  radiation  monitors,  together  to  a  single  time 
base.  This  step  is  important,  for  example,  in  testing  reports 
that  fireballs  have  been  heard  at  the  same  time  as  tv  appearance 
although  their  distance  from  the  observer  would  normally  reauire 

a  many-second  interval  between  sight  and  sound. 

5.  The  tedium  of  a  patrol  can  be  relieved  by  the  installation 
of  various  automatic  sensors,  but  the  degree  of  discrimination 
offered  by  these  devices  is  often  not  as  great  as  that  of  the  human 
eye.  It  is  true  that  the  eye  is,  in  general,  incapable  of  making 
quantitative  and  reliable  observations  suitable  for  network  studies 
but  it  is  a  very  sensitive  detector  with  a  wide  angle  of  view  and 
search,  and  these  qualities  should  be  used.  It  will  be  recalled 
that  Tombaugh  supplemented  instrumental  with  visual  search  for 
small  natural  satellites.  Visual  search  could  probably  benefit 
from  a  tie  to  an  "early  warning"  communications  network  of  amateur 
radio  operators. 

6.  Photoelectric  and  electromagnetic  sensors  cannot  only 
give  early  warning  of  the  approach  of  an  event  of  interest,  but 
also  are  capable  of  actuating  detecting  and  recording  instruments 


much  more  rapidly  than  the  human  on  patrol. 

7.  The  operation  of  the  network  can  be  made  flexible. 

Costs  can  be  reduced  by  maintaining  a  minimum  staff  in  maximum 
collaboration  with  other  search  organizations. 

8.  Combined  network  operations  should  start  as  soon  as  the 
photographic,  radar  and  geomagnetic  nets  are  linked  in  time.  In¬ 
stallation  of  additional  instrumentation  should  be  deferred  until 
a  backlog  of  observations  has  been  studied. 

The  cost  of  a  program  organized  in  this  way  should  be  two  to  three 
orders  of  magnitude  less  than  most  current  proposals.  The  capital  and 
operating  expenses  of  the  Smithsonian  Meteorite  Recovery  Project  can  be 
taken  as  a  measure  of  these  costs.  It  is  estimated  that  to  duplicate 
the  Prairie  Network  would  cost  about  $150,000,  not  including  the 
cost  of  the  cameras  and  lenses  which  were  lent  by  the  U.S.  Air  Force. 

It  is  difficult  to  arrive  at  that  part  of  the  total  operating  ex¬ 
pense  for  meteorite  research  applicable  to  an  UFO  network  because  the 
cost  figures  include  operation  and  data  reduction  of  Super-Schmidt  cam¬ 
eras  at  Wallops  Island,  and  the  new  image  orthicon  installation  at 
Urbana  in  conjunction  with  the  radar  at  Havana,  Ill.  The  total  annual 
expense,  however,  can  serve  as  a  guide  for  the  proposed  combined  network: 


Running  and  maintenance,  Lincoln,  Neb. 

$25,000 

Supplies:  film,  chemicals  for  64 
cameras  ($500/camera/year) 

32,000 

Scanning  of  film 

10,000 

Data  reduction,  all  projects 

65,000 

Astronomers'  salaries  etc. 

28,000 

$160,000 

Assuming  that  the  combined  network  will  not  have  to  bear  any  of 
these  costs,  it  would  seem  that,  initially,  at  least,  its  expenses  could 
be  limited  to  the  salaries  of  a  principal  investigator,  a  junior  in¬ 
vestigator  and  one  technician,  the  cost  of  film  exposed  by  the  Weather 
Radar  scope  cameras,  travelling  expenses  and  miscellaneous  items.  It 
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would  be  surprising  if  expenses  would  exceed  $50,000  annually. 

Because  of  the  rarity  of  the  UFO  phenomena,  the  investigation 
should  continue  for  a  minimum  of  five  years.  It  is  anticipated  that 
the  total  cost  would  exceed  $250,000,  however,  because  preliminary 
results  would  suggest  equipment  modifications  and  additions. 

14.  Recommendations 

The  problems  involved  in  sightings  of  UFOs  warrant  the  mounting 
of  an  instrumented  effort  to  arrive  at  reasonable  identifications  of 
the  several  phenomena  involved,  and  to  add  to  the  limited  knowledge 
which  exists  about  those  phenomena.  Present  knowledge  amounts  to 
little  more  than  suppositions. 

Popular  preoccupation  with  the  notion  that  UFOs  may  be  intelligently 
guided  extraterrestrial  space  ships  has  had  one  undesirable  effect:  it 
has  imbedded  in  the  term  "UFO"  the  unfortunate  connotation  that  if  a 
phenomenon  is  unidentified  it  must  somehow  be  extra-terrestrial . 

It  has  become  apparent  that  the  clarification  of  the  "unidentifi¬ 
able  1%"  referred  to  by  Hynek  (1966)  may  more  likely  result  from  investigating 
several  rare  phenomena,  rather  than  one.  If  evidence  of  extraterrestrial 
intelligence  is  uncovered  by  the  study,  then  the  goal  of  the  research 
can  be  changed  and  a  full-scale  investigation  launched. 

Until  that  time  comes  -  if  it  does  -  the  pursuit  of  knowledge 
about  the  less  dramatic  phenomena  can  gc  on  in  a  modest  way,  using  al¬ 
ready  established  facilities,  extended  when,  as  and  if  the  need  arises, 
with  additional  equipment. 

With  the  de- emphasizing  of  the  ETI  hypothesis  must  also  come  a  complete 
elimination  of  the  term  "UFO."  Its  connection  with  an  otherwise  soundly- 
based  research  program  can  serve  only  to  impair  that  program's  effec¬ 
tiveness.  After  all,  it  is  beginning  to  look  like  a  misnomer  in  cer¬ 
tain  cases:  the  sighting  may  not  involve  an  "object,"  meaning  a  solid 
mass;  it  may  not  "fly"  in  the  sense  of  having  aerodynamic  lift,  and 
often  it  remains  "unidentified"  only  briefly. 


1268 


Several  suggestions  have  been  made  on  investigating  what  will 
now  be  called  "strange  phenomena."  Dr.  James  E.  McDonald,  of  the 
University  of  Arizona  has  recommended  a  program  of  several  steps,  the 
cost  of  which  would  range  from  "a  few  tens  of  millions  of  dollars"  to 
"global  expenditures  at  the  level  of  billions  of  U.S.  dollars  per  year." 
(McDonald,  1967,  1968). 

W.  T.  Powers  of  the  Dearborn  Observatory  has  discussed  the  design 
of  a  new  photographic  network  covering  1%  of  the  area  of  the  United 
States;  the  cost  for  this  coverage  would  amount  to  about  $2x10^  and 
$2x10^  for  a  10%  coverage  of  the  U.  S.  (Powers,  1968).  Dr.  G.  H.  Rothberg 
in  his  report  to  this  project  of  an  attempt  at  first-hand  observations 
and  UFO  photography  recommends  new  camera  design  and  a  "small"  effort 
costing  perhaps  $1x10  (see  Case  27).  Larry  W.  Bryant,  after  sugges¬ 
ting  an  Earth-surveillance  satellite  especially  designed  for  the  pur¬ 
pose  of  monitoring  UFO  activities,  finds  that  it  might  cost  SSxlO7  and 
require  five  years'  effort  from  funding  and  design  until  launch  (Bryant, 
1967). 

The  UFO  phenomenon  is  extremely  rare.  Whereas  some  500  meteors 
per  year  have  trajectories  which  can  be  reconstructed  from  photographs, 
and  none  has  been  recovered  in  the  three  or  four  years  of  the  Prairie 
Network's  existence,  Hynek  states  that  only  600  UFO  sightings  since 
1947  have  remained  unidentified  by  the  Ail  Force  (Hynek,  1966).  If 
this  number  is  adopted  as  the  equivalent  of  the  "1%  unidentifiable" 
events,  sightings  due  to  strange  phenomena  occur  at  the  rate  of  only 
30  per  year.  Other  arguments  further  lower  this  figure  to  18  or  less 
per  year  (Page,  1968). 

The  number  of  sightings  of  rare  phenomena  is  so  low  that  it  is 
impossible  to  make  a  meaningful  geographical  distribution.  Whether 
the  site  of  the  Prairie  -  Weather  Radar  -  Geomagnetic  Network  will 
eventually  turn  out  to  be  the  best  location  cannot  now  be  predicted; 
its  present  advantage  lies  in  the  fact  that  the  three  detecting  systems 
are  interlaced  over  a  small  area,  thus  facilitating  an  investigation 
involving  several  disciplines. 
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It  is  because  these  sightings  are  so  infrequent  that  the  recom¬ 
mendation  is  made  to  use  existing  facilities,  wherever  they  happen  to 
be,  and  to  proceed  with  such  studies  in  a  measured  and  thoughtful 
manner . 
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Chapter  10 
Statistical  Analysis 
Paul  Julian 

For  the  most  part,  statistics  is  a  method  of 
investigation  that  is  used  when  other  methods 
are  of  no  avail;  it  is  often  a  last  resort  and 
forlorn  hope.  M.  J.  Moroney,  Facte  from  Figures. 

Statistical  analysis  may  be  described  as  the  quantitative  treat¬ 
ment  of  uncertainty.  In  the  broad  sense,  it  is  certainly  more  than 
that.  To  many  people  the  term  'statistics'  is  synonymous  with  'data' 
and  a  large  portion  of  those  who  do  statistical  analysis  concern 
themselves  with  collecting  and  summarizing  data.  But  when  data  so 
treated  are  used  to  formulate  and  test  hypotheses,  probability  is 
immediately  involved  and  the  quantitative  treatment  of  uncertainty 
begins. 

The  malaise  engendered  when  one  deals  with  uncertainty  and  an 
insufficient  knowledge  of  statistics  probably  account  for  the  view¬ 
point  expressed  by  Moroney.  Many  people,  scientists  among  them,  are 
uncomfortable  dealing  with  uncertainty  (even  though,  without  being 
aware  of  the  fact,  they  are  constantly  doing  so)  and  their  opinion  of 
statistics  is  consequently  somewhat  colored. 

We  are  interested  here  in  whether  or  not  statistical  analysis 
of  UFO  sighting  reports  is  likely  to  be  informative  as  to  what  the 
phenomena  are  but  not  as  to  how  they  are  reported.  We  make  a  distinc¬ 
tion,  initially,  between  studying  the  phenomena  of  UFOs  and  studying 
how  people  report  UFOs.  It  is  likely  that  the  two  cannot  be  completely 
untangled  and,  further,  that  the  former  is  impossible  without  some 
idea  of  the  latter.  However,  attempts  have  been  made  and  probably  will 
in  the  future  be  made  to  use  aggregated  sighting  report  data  to  study 
the  UFO  phenomena  because  that  data  source  is  certainly  the  largest . 
and  most  comprehensive  of  any  we  have  available  with  which  to  attack 
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the  problem.  Throughout  this  chapter  we  will  be  concerned,  then,  with 
the  role  of  statistical  methodology  in  studying  the  UFO  phenomena. 

Since  statistics  deal  with  uncertainty  it  might  seem  an  attractive 
candidate  for  a  central  methodology  in  UFO  research.  The  purpose  of 
this  chapter  is  to  discuss  the  place  of  statistical  analysis  in  the 
study  of  the  UFO  problem.  We  will  be  specifically  interested  in  the 
testing  of  hypotheses  and  with  decision  procedures  and  not  simply  in 
the  aggregation  of  data. 

The  nature  of  the  UFO  problem  coupled  with  the  nature  of  statistical 
methodology,  first  of  all,  results  in  questions  posed  in  the  hypotheses 
which  may  not  be  particularly  satisfying.  For  example,  we  might  want 
to  ask  "Is  there  a  95%  (or  90%  or  99%)  chance  that  UFO  sighting  reports 
include  observations  of  objects  not  of  terrestrial  origin?"  But  by 
the  nature  of  the  data  we  are  forced  to  ask  questions  such  as  "Is  there 
a  !»5%  (etc.)  chance  that  the  characteristics  of  reports  classified  as 
' knowns’  differ  from  those  for  which  no  explanation  has  been  suggested?" 

One  reason  for  the  inability  to  ask  questions  or  state  hypotheses 
which  are  directed  specifically  at  solving  the  problem  of  UFO  phenomena 
is  that  they  occur  in  nature  and  out  of  our  direct  control.  Except 
perhaps  for  some  psychological  studies,  we  cannot  place  ’the  UFO  problem' 
in  a  laboratory  and  measure  and  study  it  --  we  must  accept  it  as  it 
happens.  In  statistical  terms,  we  cannot  design  statistical  experi¬ 
ments  to  test  particular  question. 

The  second,  and  more  profound,  difficulty  is  presented  by  the 
rather  obvious  fact  that  it  is  impossible  to  formulate  meaningful 
statements,  questions,  or  hypotheses  about  the  manifestations  of 
unknown  phenomena.  We  can,  of  course,  examine  the  data  and  see  what 
manifestations  there  are  in  the  sample  data,  but  we  are  severely 
limited  in  the  nature  of  the  conclusions  we  can  draw,  again,  because 
of  the  unknown  nature  of  the  phenomena.  The  difference  here  is  subtle, 
perhaps,  but  important. 

An  instructive,  but  certainly  not  unique,  way  of  looking  at  this 
difference  is  to  invoke  the  traditional  dichotomy  between  inductive  and 
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deductive  reasoning  in  science.  The  deductive  approach  would  operate 
by,  say,  assuming  that  UFOs  are  a  manifestation  of  Extra  Terrestrial 
Intelligence;  or,  perhaps,  simply  represent  a  class  of  unknown  atmo¬ 
spheric  optical  or  electromagnetic  phenomena.  Given  one  or  the  other 
assumption  it  would  next  follow  that  some  hypotheses  about  the  charac¬ 
teristics  of  UFO  reports  be  constructed.  But  because  in  both  assumptions 
we  are  dealing  with  something  unknown,  how  would  we  go  about  setting 
up  such  hypotheses?  Such  an  approach  from  a  statistical  point  of  view 
at  any  rate  seems  so  difficult  to  pursue  as  to  be  essentially  valueless. 

An  inductive  approach  would,  in  this  case,  be  something  as  follows. 
Let  us  aggregate  a  sample  of  UFO  reports  and  examine  their  characteristics 
with  the  objective,  of  establishing  beyond  some  reasonable  doubt  that 
the  characteristics  are  thus  and  so.  From  there  we  must  try  to  build 
a  theory  which  explains  those  characteristics. 

Nearly  all  science  operates  in  practice  by  a  combination  and 
alternation  of  inductive  and  deductive  methods  and  in  both  statistics 
as  a  research  tool  is  generally  used.  However  there  are  some  important 
differences  in  statistical  method  depending  upon  whether  we  look  at 
that  data  or  evidence  in  order  to  formulate  a  hypothesis  or  whether 
we  wish  to  establish  a  degree  of  reliability  for  the  validity  of  what 
we  hypothesize.  Perhaps  the  commonest  misuse  of  statistics  is  represented 
by  efforts  to  do  both  of  these  at  once. 

In  stati  *icJ  language,  the  expression  of  hypothesis  formation 
after  the  fac>,  after  examining  the  data,  is  called  a  posteriori  hypoth¬ 
esis  formation.  The  erection  of  a  hypothesis  before  the  data  are 
examined  is  called  a  priori  formation.  The  former  follows  rather  easily 
as  a  result  of  the  inductive  approach  and  the  latter  from  the  deductive 
method.  A  posteriori  hypothesis  formation  unless  properly  tested 
represents  the  previously  mentioned  attempt  simultaneously  to  formu¬ 
late  a  hypothesis  and  establish  its  significance. 

In  addition  to  the  difficulties  in  hypothesis  formation  presented 
by  the  UFO  problem,  there  is  another  problem  which  should  be  discussed. 
This  problem,  nearly  always  a  crucial  one  and  not  as  unique  to  the  IJFO 
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problem  as  the  one  just  mentioned,  is  the  sampling  problem.  Granted 
that  some  hypothesis  be  formulated  either  a  priori  or  a  posteriori t 
we  then  oust  test  the  hypothesis  on  a  randomly  selected  sample  of  data. 
We  cannot  enter  into  a  complete  discussion  of  random  sample  selection 
here,  but  must  simply  point  out  that  if  we  hope  to  establish  the  true 
statistical  significance  of  a  hypothesis  the  selection  of  sighting 
reports  cannot  be  biased  either  in  favor  of  or  against  that  hypothesis 
to  be  tested. 

For  example,  let  us  suppose  that  we  want  to  test  the  hypothesis 
that  UFO  sighting  reports  contain  a  significant  (in  some  statistical 
sense)  number  in  which  the  estimated  apparent  speed  exceeds  sonic  or 
aircraft  speed.  Such  an  experiment  could  be  set  up  and  a  sample  of 
report  data  gathered  on  which  to  test  the  hypothesis.  However,  unless 
great  care  is  used  in  selecting  cases  for  inclusion  in  the  sample, 
a  non-random  component  is  likely  to  be  encountered.  This  is  because 
it  is  very  likely  that  it  is  precisely  because  the  UFO  exhibited  what 
to  someone  was  supersonic  speed  that  it  is  reported  and  included  in 
UFO  files  of  one  sort  or  another.  Such  a  bias  in  the  sample  negates 
the  possibility  of  a  statistically  reliable  answer  to  the  question 
embodied  in  the  hypothesis. 

The  preceding  example  brings  up  a  very  perplexing  problem.  Just 
what  should  constitute  the  population  of  UFO  reports?  Should  we 
include  all  UFO  reports  regardless  of  probable  explanation,  or  just 
those  reports  for  which  no  rational  explanation  can  be  given?  It 
seems  intuitively  obvious  that  an  observation  which  is  almost  certainly 
of,  for  example,  Venus  should  not  be  included  in  the  population  of  UFOs. 
But  the  possible  dangers  of  biasing  the  sample  of  reports  examined 
by  such  intuitive  reasoning  seem  to  be  serious,  to  say  nothing  of  the 
problem  of  determining  the  division  between  known  and  unknown  cases. 
Again,  it  seems  that  the  unknown  nature  of  the  phenomena  poses  some 
serious  questions  as  to  the  definition  of  the  population  and  therefore 
to  the  kinds  of  question  we  might  ask  of  report  data. 

Some  UFO  literature  has  used  aggregates  of  report  data  to  search 
for  "trends"  or  "patterns,"  either  implicitly  or  explicitly  stated. 
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The  basic  assumption  seems  to  have  been  that  trends  and  patterns  in  UFO 
reports  might  provide  information  on  the  nature  of  the  phenomenon.  This 
approach  appears  to  be  mostly  inductive  --  perhaps  not  surprisingly  so 
in  view  of  the  difficulties  in  the  deductive  approach  in  the  UFO  problem. 

There  are  two  important  comments  on  this  assumption.  The  first  is 
that  any  examination  of  report  data  is  bound  to  turn  up  some  pattern  -- 
we  would  be  quite  surprised  it  the  reports  were  completely  featureless. 
The  second  is  that,  as  already  mentioned,  since  the  patterns  were 
detected  from  the  sample  in  hand  some  procedure  for  testing  the  signi¬ 
ficance  of  the  patterns  on  independent  data  samples  is  necessary. 

The  Vallees  (1966)  recommend  a  search  for  spatial  and  temporal 
patterns  in  the  report  data.  They  report  1)  a  claimed  tendency  for 
report  positions  in  a  given  calendar  day  to  be  located  in  patterns 
that  can  be  joined  by  nets  of  straight  lines  (the  controversial 
'orthoteny'  hypothesis),  2)  a  difference  in  the  diurnal  variation  of 
different  types  of  UFO  reports,  and  3)  a  26-month  periodicity  (adjusted 
for  annual  variation)  in  report  data.  Only  in  the  first  instance  do 
the  Vallees  report  any  test  as  tc  the  statistical  significance  of  the 
claimed  pattern.  They  establish  some  basic  criteria  giving  the  distri¬ 
bution  of  the  number  of  points  determining  straight  lines  used  to  join 
nets  of  points  when  the  points  are  randomly  distributed  in  space.  They 
do  not  report,  however,  testing  the  straight  line  hypothesis  on  a  data 
sanp  .e  other  than  the  one  used  to  formulate  the  orthoteny  hypothesis. 

For  the  moment,  let  us  assume  that  all  three  features  may  be 
tested  according  to  the  methodology  of  statistical  hypothesis  testing 
and  any  one  proves  significant  --  that  is,  the  null  hypothesis  of 

1)  a  spatially  random  distribution  of  daily  report  locations,  or 

2)  no  difference  in  the  diurnal  variation  of  types  of  sightings,  or 

3)  a  temporally  random  distribution  of  monthly  total  number  of  reports 
is  rejected  at,  say,  the  95%  level.  Therefore,  we  conclude  with  a  risk 
of  95%  that  some  non-random  spatial  or  temporal  variation  occurs  in 
sighting  report  data.  This  'risk  level'  is  a  measure  of  how  confident 
we  can  be  of  rejecting  the  null  hypothesis  when  it  is  in  reality  true. 
Most  statistical  tests  are  of  this  basic  type. 


However  there  is  another  type  of  statistical  error  which  is 
inherent  in  this  type  of  hypothesis  testing  which  generally  speaking 
should  be  taken  into  account.  We  should  (if  possible)  try  to  deter- 
ir.  ne  what  is  the  risk  of  accepting  the  null  hypothesis  when  it  is  in 
fact  false.  Normally  this  type  of  error  is  guarded  against  by  formu¬ 
lating  the  problem  so  that  the  Btavus  quo  is  represented  by  the  null 
hypothesis,  rhe  rationale  for  this  choice  is  that  it  is  better  to 
err  on  the  conservative  side,  since  generally  the  risk  of  accepting 
the  status  quo  (null  hypothesis)  when  it  is  in  fact  false  is  higher 
than  the  risk  of  rejecting  it  when  actually  true.  TTie  complete  formu¬ 
lation  of  the  problem  in  these  terms  would  be  an  exercise  in  decision 
theory.  Because  of  the  interest  aroused  by  the  UFO  problem,  both 
scientific  and  social  interest,  it  appears  that  a  most  interesting 
and  appealing  exercise  would  be  an  attempt  to  formulate  some  problems 
in  terms  of  decision  theory. 

liven  assuming  that  the  decision  problem  can  be  attacked  and  solved 
and  w  accept  the  rejection  of  one  of  the  null  hypotheses,  what  have 
we  learned?  Obviously  we  are  faced  with  strong  evidence  that  there  is 
something  very  peculiar  about  the  distribution  in  space  or  time  of 
sighting  reports.  But  the  use  we  could  make  of  this  peculiarity  in 
drawing  conclusions  about  the  nature  of  UFOs  would  be  limited  because 
£lf  numerous  alternative  explanations  of  a  peculiar  distribution  of 
reports.  Statistical  reasoning  in  this  hypothetical  situation  could 
tell  us  that  the  reports  are  significantly  non-random  in  their  spatial 
or  temporal  distribution  and  that  the  probability  is  large  that  there 
is  something  there  to  investigate,  but  statistical  reasoning  could 
tell  us  nothing  about  how  to  interpret  this  non-randomness.  In  addition 
the  word  'significance'  is  used  in  the  statistical  sense  and  has  no 
connotation  at  all  of  'importance.' 

A  useful  analogy  here  might  be  the  cigarette  smoking- lung  cancer 
relationship  which  has  also  been  a  ctorm  center  of  controversy.  The 
statistical  significance  of  a  relationship  between  the  two  has  been 
established  to  be  very  high  and  almost  everyone  accepts  the  level  of 
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statistical  significance  as  indicative  of  a  relationship.  However,  this 
significance  in  no  way  proves  a  causal  relationship  between  smoking  and 
lung  cancer  --  that  is  merely  one  of  a  number  of  alternative  explanations 
of  the  statistical  result.  Most  people,  in  addition,  would  accept  the 
significance  level  as  evidence  that  there  is  certainly  something  to 
investigate.  The  use  of  statistical  evidence  to  choose  what  to  do  next 
rather  than  to  choose  between  terminal  acts  involves  decision  theory, 
rather  than  classical  statistical  hypothesis  testing.  This  type  of 
analysis  has  already  been  mentioned  above. 

To  summarize,  the  UFO  phenomena  presents  some  difficult  and 
challenging  problems  to  statistical  methodology.  We  arc  dealing  with 
unknown  phenomena,  at  least  in  part,  which  is  manifested  by  subjective, 
qualitative  reports  from  observers  with  a  wide  spectrum  of  ability 
to  report  what  they  see.  We  cannot  place  the  phenomena  in  the  labora¬ 
tory  to  study  them  and  design  experiments  on  them.  Iherc  are  very 
fundamental  problems  such  as  defining  the  population  to  be  used  in 
statistical  studies,  and  formulating  hypotheses  about  characteristics 
or  report  data  a  posteriori  and  attempting  to  interpret  these  as 
manifestations  of  unknown  phenomena. 

The  physical  scientist  conversant  with  statistics  and  statistical 
methodology  is  likely  to  come  to  one  of  two  conclusions  about  the 
possibility  of  productive  use  of  statistics  in  the  UFO  problem.  Con¬ 
sidering  the  difficulties  described  above  he-  may  conclude  that  the 
methodology  of  statistical  analysis  does  not  offer  satisfying  answers 
to  the  important,  central  questions  of  the  U>-0  phenomena,  and  that 
efforts  should  be  directed  at  increasing  understanding  of  atmospheric 
optics,  etc.  or  in  attempting  to  make  some  measurement  of  some  physical 
quantity  associated  with  an  UFO.  Or  he  might  take  the  position  that 
difficulties  of  statistical  analysis  in  this  instance  should  not 
prevent  efforts  to  make  analyses,  because  the  risk  of  throwing  away 
valuable  information  by  ignoring  sighting  report  data  should  not  be 
overlooked.  This  position  must  be  taken  with  sonic  care,  however,  for 
lift  would  be  taking  it  as  "a  last  resort  and  forlorn  hope"  as  Moronev 
puts  it. 
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TTie  social  scientist,  on  the  other  hand,  might  take  a  different 
position.  Instead  of  concerning  himself  with  report  sightings  as  a 
measure  of  a  physical  phenomena  he  might  be  attracted  by  the  data  as 
a  source  of  information  on  psychological  and  social-psychological 
problems  of  perception,  reporting,  etc.  We  do  not  regard  ourselves  as 
qualified  to  pursue  this  point  further.  Mention  of  it  was  made  at 
the  beginning  of  this  chapter  and  additional  discussion  may  be  found 
in  Section  VI  in  Chapters  1  and  2. 

As  a  result  of  considering  the  problem  of  the  role  of  statistical 
analysis  of  report  data  in  investigating  UFO  phenomena  we  conclude  that 
very  grave  difficulties  arc  present  involving  rather  fundamental  aspects 
of  statistical  methodology.  It  is  our  feeling  that  little  value  to  the 
physical  sciences  will  result  from  "searching"  the  report  data  for 
"significant"  features. 

IVe  qualify  this  view  in  two  ways:  First,  we  are  not  able,  of 
»”•  irse,  to  perceive  the  future  and  it  may  be  that  an  innovative  worker 
paying  careful  attention  to  the  demands  of  methodology  might  well 
produce  a  study  which  represents  a  real  increase  in  knowledge  about 
UFOs.  We  should  in  this  regard  give  the  decision-theory  approach  some 
thought:  we  should  attempt  to  evaluate  the  consequences  of  statistical 
error  of  both  kinds  and  to  consider  the  problems  posed  by  question  of 
the  "where  do  we  go  from  here?"  type.  Second,  efforts  to  investigate 
UFO  reports  rather  than  the  UFO  phenomena  seem  to  offer  fertile  ground 
for  future  study. 
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SPECIAL 
REPORT  OF  THE 

USAF  SCIENTIFIC  ADVISORY  BOARD 
AD  HOC  COMMITTEE  TO  REVIEW 
PROJECT  "BLUE  BOOK" 

MARCH  1966 


I .  INTRODUCTION 

As  requested  in  a  memorandum  from  Major  General  E.  B. 
LeBailly,  Secretary  of  the  Air  Force  Office  of  Information, 
dated  28  September  1965  (Tab  A),  an  SAB  Ad  Hoc  Committee 
met  on  3  February  1966  to  review  Project  "Blue  Book". 

The  objectives  of  the  Committee  are  to  review  the  resources 
and  methods  of  investigation  prescribed  by  Project  "Blue 
Book"  and  to  advise  the  Air  Force  of  any  improvements  that 
can  be  made  in  the  program  to  enhance  the  Air  Force's 
capability  in  carrying  out  its  responsibility. 

In  order  to  bring  themselves  up  to  date,  the  members  of 
the  Committee  initiallv  reviewed  the  findings  of  previous 
scientific  panels  charged  with  looking  into  the  UFO 
problem.  Particular  attention  was  given  to  the  report 
of  the  Robertson  panel  which  was  rendered  in  January  1953. 
The  Committee  next  heard  briefings  from  the  AFSC  Foreign 
Technology  Division,  which  is  the  cognizant  Air  Force 
agency  that  collates  information  on  UFO  sightings  and 
monitors  investigations  of  individual  cases.  Finally, 
the  Committee  reviewed  selected  case  histories  of  UFO 
sightings  with  particular  emphasis  on  those  that  have 
not  been  identified. 

II.  DISCUSSION 

Although  about  6%  (646)  of  all  sightings  (10,147)  in 
the  years  1947  through  1965  are  listed  by  the  Air  Force 
as  "Unidentified",  it  appears  to  the  Committee  that 
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most  ol  th*'  cases  so  listed  arc  s  Imply  those  in  which 
the  information  available  does  not  provide  an  adequate 
basis  for  analysis.  In  this  connection  it  is  important 
also  to  note  that  no  unidentified  objects  other  than 
those  of  an  ast ronomica 1  nature  have  ever  been  observed 
during  routine,  astronomical  studies,  in  spite  of  the 
large  number  of  observing  hours  which  have  been  devoted 
to  the  sky.  As  examples  of  this  the  Falomar  Observatory 
Sky  Allas  contains  some  3000  plates  made  with  large 
instruments  with  wide  field  of  view;  the  Harvard  Meteor 
Project  of  1934-1938  provided  some  3300  hours  of 
observation;  the  Smithsonian  Visual  Prairie  Network 
provided  2300  observing  hours.  Not  a  single  un¬ 
identified  object  has  been  reported  as  appearing  on 
any  of  these  plates  or  been  sighted  visually  in  all 
these  observations. 

The  Committee  concluded  that  in  the  19  years  since  the 
first  UFO  was  sighted  there  has  been  no  evidence  that 
unidentified  flying  objects  are  a.  threat  to  our  national 
security.  Having  arrived  at  this  conclusion  the 
Committee  then  turned  its  attention  to  considering  how 
the  Air  Force  should  handle  the  scientific  aspects  of 
the  UFO  problem.  Unavoidably  these  are  also  related  to 
Air  Force  public  relations,  a  subject  on  which  the 
Committee  is  not  expert.  Thus  the  recommendations 
which  follow  are  made  simply  from  the  scientific  point 
of  view. 

III.  CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  the  opinion  of  the  Committee  that  the  present 
Air  Force  program  dealing  with  UFO  sightings  has  been 
well  organized,  although  the  resources  assigned  to  it 
(only  one  officer,  a  sergeant,  and  secretary)  have 
been  quite  limited.  In  19  years  and  more  than  10,000 
sightings  recorded  and  classified,  there  appears  to  be 
no  verified  and  fully  satisfactory  evidence  of  any 
case  that  is  clearly  outside  the  framework  of  presently 
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known  science  and  technology.  Nevertheless,  there  is 
always  the  possibility  that  analysis  of  new  sightings 
may  provide  some  additions  to  scientific  knowledge  of 
value  to  the  Air  Force.  Moreover,  some  of  the  case 
records  which  the  Committee  looked  that  were  listed  as 
"identified"  were  sightings  where  the  evidence  collected 
was  too  meager  or  too  Indefinite  to  permit  positive 
listing  in  the  identified  category.  Because  of  this 
the  Committee  recommends  that  the  present  program  be 
strengthened  to  provide  opportunity  for  scientific 
investigation  of  selected  sightings  in  more  detail  and 
depth  than  has  been  possible  to  date. 

To  accomplish  this  it  is  recommended  that: 

A.  Contracts  be  negotiated  with  a  few  selected 
universities  to  provide  scientific  teams  to  investigate 
promptly  and  in  depth  certain  selected  sightings  of  UFO's. 
Each  team  should  include  at  least  one  psychologist, 
preferably  one  interested  in  clinical  psychology,  and 

at  least  one  physical  scientist,  preferably  an 
astronomer  or  geophysicist  familiar  with  atmospheric 
physics.  The  universities  should  be  chosen  to  provide 
good  geographical  distribution,  and  should  be  within 
convenient  distance  of  a  base  of  the  Air  Force  Systems 
Command  (AFSC). 

B.  At  each  AFSC  base  an  officer  skilled  in 
investigation  (but  not  necessarily  with  scientific 
training)  should  be  designated  to  work  with  the 
corresponding  university  team  for  that  geographical 
section.  The  local  representative  of  the  Air  Force 
Office  of  Special  Investigations  (OSI)  might  be  a 
logical  choice  for  this. 

C.  One  university  or  one  not-for-profit  organi¬ 
zation  should  be  selected  to  coordinate  the  work  of 
the  teams  mentioned  under  A  above,  and  also  to  make 
certain  of  very  close  communication  and  coordination 
with  the  office  of  Project  Blue  Book. 
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It  is  thought  that  perhaps  100  sightings  a  year  might 
be  subjected  to  this  close  study,  and  that  possibly 
an  average  of  10  man  days  might  be  remired  per 
sighting  so  studied.  The  information  provided  by 
such  a  program  might  bring  to  light  new  facts  of 
scientific  value,  and  would  almost  certainly  provide 
a  far  better  basis  than  we  have  today  for  decision  on 
a  long  term  UFO  program. 

The  scientific  reports  on  these  selected  sightings, 
supplementing  the  present  program  of  the  Project  Blue 
Book  office,  should  strengthen  the  public  position  of 
the  Air  Force  on  UFO's.  It  is,  therefore,  recommended 
that : 


A.  These  reports  be  printed  in  full  and  be  avail¬ 
able  on  request. 

B.  Suitable  abstracts  or  condensed  versions  he 
printed  and  included  in,  or  as  supplements  to,  'he 
published  reports  of  Project  Blue  Book. 

C.  The  form  of  report  (as  typified  b\  ’  r-rojee.. 
Blue  Book"  dated  1  February  1966)  be  expand  id,  and 
anything  which  might  suggest  that  information  is,  r  <  i-,g 
withheld  (such  as  the  wording  on  page  i  :>>;  the  ab- -v*. 
cited  reference)  be  deleted.  The  for?;  of  this  :  x.  po£jf 
can  be  of  great  importance  in  securing  public  oier- 
standing  and  should  be  given  detai’t  d  study  -'v  aft 
appropriate  Air  Force  office. 


D.  The  reports  "Project  -‘lee  Book1' 
given  wide  unsolicited  circulation  among 
members  of  the  Congress  ari|  oihe "  public 
a  further  aid  to  public  understand! ng  of 
approach  being  taken  by  the  Air  F  >rcv  in 
UFO  problem. 


should  be 
prominent 
oersons  as 
the  sci ent  >  £ic 
attacking  Lh a 
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DEPARTMENT  OF  THE  AIR  FORCE 
WASHINGTON 
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MEMORANDUM  FOR  MILITARY  DIRECTOR,  SCIENTIFIC  ADVISORY  BOARD 
SUBJECT:  Unidentified  Flying  Objects  (UFOs) 

In  keeping  with  its  air  defense  role,  the  Air  Force  has  the 
responsibility  for  the  investigation  of  unidentified  flying  objects 
reported  over  the  United  States.  The  name  of  this  project  is  Blue 
Book  (Attachment  1).  Procedures  for  conducting  this  program  are 
established  by  Air  Force  Regulation  200-2  (Attachment  2). 

The  Air  Force  has  conducted  Project  Blue  Book  since  19W.  As 
of  30  June  1965,  a  total  of  9267  reports  had  been  investigated  by 
the  Air  Force.  Of  these  9267  reports,  663  cannot  be  ejqplained. 

It  has  been  determined  by  the  Assistant  Deputy  Chief  of  Staff/ 
Plans  and  Operations  that  Project  Blue  Book  is  a  worthwhile  program 
which  deserves  the  support  of  all  staff  agencies  and  major  commands 
ana  that  the  Air  Force  should  continue  to  investigate  and  analyze 
n.1 1  UFO  reports  in  order  to  assure  that  such  objects  do  not  present 
a  threat  to  our  national  security.  The  Assistant  Deputy  Chief  of 
Staff/Plans  and  Operations  has  determined  also  that  the  Foreign 
Technology  Division  (FTD)  at  Wright-Pat terson  Air  Force  Base  should 
continue  to  exercise  its  presently  assigned  responsibilities  concern¬ 
ing  UFOs. 

To  date,  the  Air  Force  has  found  no  evidence  that  any  of  the 
UFO  reports  reflect  a  threat  to  our  national  security.  However, 
many  of  the  reports  that  cannot  be  explained  have  come  from  intelli¬ 
gent  and  technically  well  qualified  individuals  whose  integrity  can¬ 
not  be  doubted.  In  addition,  the  reports  received  officially  by  the 
Air  Force  include  only  a  fraction  of  the  spectacular  reports  which 
are  publicized  by  many  private  UFO  organizations. 

Accordingly,  it  is  requested  that  a  working  scientific  panel 
composed  of  both  physical  and  social  scientists  be  organized  to 
review  Project  Blue  Book  —  its  resources,  methods,  and  findings  — 
and  to  advise  the  Air  Force  as  to  any  improvements  that  should 
be  made  in  the  program  in  order  to  carry  out  the  Air  Force's 
assigned  responsibility. 
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Doctor  J,  Allen  Hynek  who  is  the  Chairman  of  the  Deurbom 
Observatory  at  Northwestern  University  is  the  scientific  consultant 
to  Project  Blue  Book.  He  has  indicated  a  willinflncsu  to  work  with 
such  a  panel  in  order  to  place  this  pioblem  in  its  proper  uerspec- 
tive. 


Doctor  Hynek  has  discussed  this  problem  with  Doctor  Winston 
R.  Markey,  the  former  Air  Force  Chief  Scientist*  j 


Major  General,  USAF 
Director  of  Information 


i 

i 

¥ 

i 


2  Attachments 

1.  Blue  Book  Report 

2.  APR  200-2 
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AD  HOC  COMMITTEE  ON 
UNIDENTIFIED  FLYING  OBJECTS  (UFOs) 

AGENDA 


Thursday. 

3  February  1966 

0800 

Welcoming  Remarks 

Commander  or 

Vice  Commander,  FTD 

0805 

Introduction 

Dr.  O'Brien,  SAB 

0810 

The  Air  Force  Problem 

Lt  Col  Spaulding, 
SAFOI 

0830 

Briefing  on  Project 

Blue  Book 

Major  Quintanilla, 
FTD 

1000 

Break 

1015 

Review  of  Selected 

Case  Histories 

FTD  Staff 

1145 

Lunch 

1315 

Executive  and  Writing 
Session 

22  December  1965 
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Meeting  atatlstics  bearing  on  this 
report  including  all  times,  dates, 
places,  a  listing  of  persons  in 
attendance  and  purposes  therefor, 
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and  material  reviewed  and  discussed, 
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HAROLD  A.  STEINER,  Lt  Colonel,  USAF 
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APPENDIX  B:  AFR  NO.  80-17.  UNIDENTIFIED  FLYING  OBJECTS 

AFR  80-17 

AIR  FORCE  REGULATION  DEPARTMENT  OF  THE  AIR  FORCE 

NO.  80-17  Washington,  D.  C.  19  September  1966 

Research  And  Development 

UNIDENTIFIED  FLYING  OBJECTS  (UFO) 

This  regulation  establishes  the  Air  Force  program  for  Investigating  and  analysing  UFO* 
over  the  United  State*.  It  provide »  for  uniform  investigative  procedures  and  release  of  In¬ 
formation.  The  investigations  and  analyses  prescribed  are  related  directly  to  the  Air  Force's 
responsibility  for  the  air  defense  of  the  United  States.  The  UFO  Program  requires  prompt 
reporting  and  rapid  evaluation  of  data  for  successful  identification.  Strict  compliance  with 
this  regulation  is  mandatory. 
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Paragraph 


Explanation  of  Term*  .  -  - . -  -  .  —  . .  ..  1 

Program  Objective*  _  ------  .  .  2 

Program  Responsibilities  _ . „ .  3 

SECTION  B— PUBLIC  RELATIONS,  INFORMATION,  CONTACTS, 

AND  RELEASES 

Response  to  Public  Interest  . .  ...  -  4 

Releasing  Information  .  ..  -  . ..  ..  . . .  5 

SECTION  C— PREPARING  AND  SUBMITTING  REPORTS 

General  Information _ _  .  .  _  _  _  6 

Guidance  in  Preparing  Reports  - -  .............  -  7 

Transmittal  of  Reports  ..... -  ....  ..  .  ..  ..  8 

Negative  or  Inapplicable  Data  .  .  -  .  9 

Comments  of  Investigating  Officer  .  ..  .  ....  -  -  -  10 

Basic  Reporting  Data  and  Format  ...  .  .......  11 

Reporting  Physical  Evidence  __  ..  ....  12 


SECTION  A — GENERAL  PROVISIONS 

1.  Explanation  of  Terms.  To  insure  proper 
and  uniform  usage  of  terms  in  UFO  investi¬ 
gations,  reports,  and  analyses,  an  explanation 
of  common  terms  follows: 

a.  Unidentified  Flying  Objects.  Any  aerial 
phenomenon  or  object  which  is  unknown  or 
appears  out  of  the  ordinary  to  the  observer. 

b.  Familiar  or  Known  Objects/ Phenom¬ 
ena.  Aircraft,  aircraft  lights,  astronomical 
bodies  (meteors,  planets,  stars,  comets,  sun, 
moon),  balloons,  b!rds  fireworks,  missiles, 
rockets,  satellites,  searchlights,  weather  phe¬ 
nomena  (clouds,  contrails,  dust  devils),  and 
other  natural  phenomena. 

2.  Program  Objectives.  Air  Force  interest  in 
UFOs  is  two-fold:  to  determine  if  the  UFO 
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is  a  possible  threat  to  the  United  States  and 
to  use  the  scientific  or  technical  data  gained 
from  study  of  UFO  reports.  To  attain  these 
objectives,  it  is  necesssary  to  explain  or  iden¬ 
tify  the  stimulus  which  caused  the  observer 
to  report  his  observation  as  an  unidentified 
flying  object. 

a.  Air  Defense.  The  majority  of  UFOs  re¬ 
ported  to  the  Air  Force  have  been  conven¬ 
tional  or  familiar  objects  which  present  no 
threat  to  our  security. 

(1)  It  is  possible  that  foreign  countries 
may  develop  flying  vehicles  of  revolutionary 
configuration  or  propulsion. 

(2)  Frequently,  some  alleged  UFOs  are 
determined  to  be  aircraft.  Air  Defense  Com¬ 
mand  (ADC)  responsible  for  identification 
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of  aircraft.  Except  as  aircraft  are  deter¬ 
mined  to  be  the  stimulus  for  a  UFO  report, 
aircraft  are  not  to  be  reported  under  the 
provisions  of  this  retaliation. 

b.  Technical  and  Scientific.  The  Air  Force 
will  analyze  reports  of  UFOs  submitted  to 
it  to  attain  the  program  objectives.  In  this 
connection  these  facts  are  of  importance: 

(1)  The  need  for  further  scientitic 
knowledge  in  geophysics,  astronomy,  and 
physics  of  the  upper  atmosphere  which  may 
be  provided  by  study  and  analysis  of  UFOs 
and  similar  aerial  phenomena. 

(2)  The  need  to  report  all  pertinent  fac¬ 
tors  that  have  a  direct  bearing  on  scientific 
analysis  and  conclusions  of  UFO  sightings. 

(3)  The  need  and  the  importance  of 
complete  case  information.  Analysis  has  ex¬ 
plained  all  hut  a  small  percentage  of  the 
sightings  which  have  been  reported  to  the 
Air  Force.  The  ones  that  have  not  been  ex¬ 
plained  are  carried  statistically  as  “uniden¬ 
tified."  Because  of  the  human  factors  in¬ 
volved  and  because  analysis  of  a  UFO  sight¬ 
ing  depends  primarily  on  a  personal  impres¬ 
sion  and  interpretation  by  the  observer 
rather  than  on  scientific  data  or  facts  ob¬ 
tained  under  controlled  conditions,  the  elimi¬ 
nation  of  of  all  unidentified.-,  is  improbable. 
However,  if  more  immediate,  detailed,  and 
objective  data  on  the  unidentifieds  had  l>een 
available  and  promptly  reported,  perhaps 
these,  too,  could  have  been  identified. 

3.  Program  Responsibilities: 

a.  Program  Monitor.  The  Deputy  Chief  of 
Staff,  Research  and  Development,  is  respon¬ 
sible  for  the  overall  program,  evaluation  of 
investigative  procedures,  and  the  conduct  of 
separate  scientific  investigations. 

b.  Resources.  The  Air  Force  Systems  Com¬ 
mand  will  support  tl  |  program  with  current 
resources  within  the  Foreign  Technology  Di¬ 
vision  (FTD)  at  Wright-Patterson  Air  Force 
Base,  Ohio,  to  continue  the  Project  Blue  Book 
effort.  Other  AFSC  resources  normally  used 
by  FTD  for  this  effort  will  continue  to  be 
made  available. 

c.  Investigation.  Each  commander  of  an 
Air  Force  base  will  provide  a  UFO  investi¬ 
gative  capability.  When  notice  of  a  UFO 
sighting  is  received,  an  investigation  will  be 
implemented  to  determine  the  stimulus  for 
the  sighting.  An  Air  Force  base  receiving 
the  notice  of  a  UFO  sighting  may  not  be  the 
base  nearest  the  locale  of  the  sighting.  In 
that  event,  the  reported  l'F()  sighting  will  be 
referred  to  the  Air  Force  base  nearest  the 
sighting  for  action. 


EXCEPTIONS:  FTD  at  Wright-Patterson 
Air  Force  Base,  Ohio,  independently  or  with 
the  help  of  pertinent  Air  Force  activities, 
may  conduct  any  other  investigation  to  con¬ 
clude  its  analysis  or  findings.  1  IQ  USAF  may 
arrange  for  separate  investigations. 

d.  Analysis.  FTD  will: 

(1)  Analyze  and  evaluate  all  informa¬ 
tion  and  evidence  refx.rted  to  bases  on  those 
UFOs  which  are  not  identifi  d  at  the  base 
level. 

(2)  Use  other  (Jovernment  agencies, 
private  industrial  companies,  and  contractor 
personnel  to  assist  in  analyzing  and  evaluat¬ 
ing  UFO  reports,  as  necesssary. 

e.  Findings.  FTD,  Wright-Patterson  AFB, 
Ohio,  will  prepare  a  final  case  report  on  each 
sighting  reported  to  it  after  the  data  have 
been  properly  evaluated.  If  the  final  report 
is  deemed  significant,  FTD  will  send  the  re¬ 
port  of  its  findings  to  AFSC  (SOFA),  An¬ 
drews  AFB,  Wash  DC  20331,  which  will  send 
a  report  to  I  IQ  USAF  (AFRDC),  Wash  DC 
20330. 

f.  Cooperation.  All  Air  Force  activities 
will  cooperate  with  UFO  investigators  to 
insure  that  pertinent  information  relative 
to  investigations  of  UFO  sightings  are 
promptly  obtained.  When  feasible,  this  will 
include  furnishing  air  or  ground  transpor¬ 
tation  and  other  assistance. 


SECTION  B— PUBLIC  RELATIONS, 
INFORMATION,  CONTACTS, 

AND  RELEASES 

I.  Response  fo  Public  Interest.  The  Secre¬ 
tary  of  the  Air  Force,  Office  of  Information 
(SAF-OI),  maintains  contact  with  the  pub¬ 
lic  and  the  news  media  on  all  aspects  of  the 
UFO  program  and  related  activities.  Pri¬ 
vate  individuals  or  organizations  desiring 
Air  Force  interviews,  briefings,  lectures,  or 
private  discussions  on  UFOs  will  be  in¬ 
structed  to  direct  their  requests  to  SAF-OI. 
Air  Force  members  not  officially  connected 
with  UFO  investigations  covered  by  this 
regulation  will  refrain  from  any  action  or 
comment  on  UFO  reports  which  may  mis¬ 
lead  or  cause  the  public  to  construe  these 
opinions  as  official  Air  Force  findings 

5.  Releasing  Information.  SAF  01  is  the 
agency  responsible  for  releasing  informa¬ 
tion  to  the  public  and  to  the  news  media. 

a.  Congressional  and  Presidential  In¬ 
quiries.  The  Office  of  legislative  Liaison 
will: 

( 1 )  With  the  assistance  <>f  SAF-OI,  an- 
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swer  all  Congressional  and  Presidential 
queries  regarding  UFOs  forwarded  to  the 
Air  Force. 

(2)  Process  requests  from  Congres¬ 
sional  sources  in  accordance  with  AFR  1 1—7. 

b.  SAF-OI  will: 

(1)  Respond  to  correspondence  from 
individuals  requesting  information  on  the 
UFO  Program  and  evaluations  of  sightings. 

(2)  Release  information  on  UFO  sight¬ 
ings  and  results  of  investigations  to  the  gen¬ 
eral  public. 

(3)  Send  correspondence  queries  which 
are  purely  technical  and  scientific  to  FTD 
for  information  on  which  to  base  a  reply. 

c.  Exception*.  In  response  to  local  in¬ 
quiries  regarding  UFOs  reported  in  the 
vicinity  of  an  Air  Force  base,  the  base  com¬ 
mander  may  release  information  to  the  news 
media  or  the  public  after  the  sighting  has 
lieen  positively  identified.  If  the  stimulus  for 
the  sighting  is  difficult  to  identify  at  the  base 
level,  the  commander  may  state  that  the 
sighting  is  under  investigation  and  conclu¬ 
sions  will  be  released  by  SAF-OI  after  the 
investigation  is  completed.  The  commander 
may  also  state  that  the  Air  Force  will  re¬ 
view  and  analyze  the  results  of  the  in¬ 
vestigation.  Any  further  inquiries  will  be 
directed  to  SAF-OI. 


SECTION  C— PREPARING  AND 
SUBMITTING  REPORTS 

6.  General  Information: 

a.  The  Deputy  Chief  of  Staff,  Research 
and  Development,  USAF  and  the  ADC  have 
a  direct  and  immediate  interest  in  UFOs 
reported  within  the  US.  All  Air  Force  activi¬ 
ties  will  conduct  UFO  investigations  to  the 
extent  necessary  for  reporting  action  (see 
paragraphs  9,  10,  11,  and  12).  Investiga¬ 
tion  may  be  carried  beyond  this  point  when 
the  preparing  officer  lielieves  the  scientific 
or  public  relations  aspect  of  the  case  war¬ 
rants  further  investigation.  In  this  case,  the 
investigator  will  coordinate  his  continued 
investigation  with  FTD. 

b.  Paragraph  7  will  lie  used  as  a  guide  for 
screenings,  investigations,  and  reportings. 
Paragraph  11  is  an  outline  of  the  reporting 
format. 

c.  Inquiries  should  be  referred  to  SAF- 
OI  (see  paragraph  5). 

d.  If  possible,  an  individual  selected  as  a 
UFO  investigator  should  have  a  scientific  or 
technical  background  and  experience  as  an 
investigator. 


e.  Reports  required  by  this  regulation  are 
excluded  from  assignment  of  a  r«q>orts  con¬ 
trol  syml>ol  in  accordance  with  paragraph 
3k,  AFR  300-5. 

7.  Guidance  in  Preparing  Reports.  The  use¬ 
fulness  of  a  UFO  re|H>rt  depends  largely 
on  accuracy,  timeliness,  skill  and  resource¬ 
fulness  of  the  person  who  receives  the  initial 
information  and  makes  the  report.  Follow¬ 
ing  are  aids  for  screening,  evaluating  and 
reporting  sightings: 

a.  Activities  receiving  initial  reports  of 
aerial  objects  and  phenomena  will  screen  the 
information  to  determine  if  the  report  con¬ 
cerns  a  valid  UFO  as  defined  in  paragraph 
la.  Reports  not  falling  within  that  defini¬ 
tion  do  not  require  further  action.  Aircraft 
flares,  jet  exhausts,  condensation  trails, 
blinking  or  steady  lights  observed  at  night, 
lights  circling  near  airports  and  airways,  and 
other  aircraft  phenomena  should  not  l>e  re¬ 
ported  as  they  do  not  fall  within  the  defini¬ 
tion  of  a  UFO. 

EXCEPTION :  Reports  of  known  objects 
will  be  made  to  FTD  when  this  infokmation 
originally  had  been  reported  by  local  news 
media  as  a  UFO  and  the  witness  has  con¬ 
tacted  the  Air  Force.  (Do  NOT  solicit  re¬ 
ports.)  News  releases  should  be  included  as 
an  attachment  with  the  report  (see  para¬ 
graph  8c). 

b.  Detailed  study  will  be  made  of  the  logic, 
consistency,  and  authenticity  of  the  observ¬ 
er’s  report.  An  interview  with  the  oleerver, 
by  persons  preparing  the  report,  is  espe¬ 
cially  valuable  in  determining  the  reliability 
of  the  source  and  the  validity  of  the  infor¬ 
mation.  Factors  for  particular  attention  are 
the  observer’s  age,  occupation,  and  educa¬ 
tion,  and  whether  he  has  a  technical  or 
scientific  background.  A  report  that  a  wit¬ 
ness  is  completely  familiar  with  certain  as¬ 
pects  of  a  sighting  should  indicate  specific 
qualifications  to  substantiate  such  famili¬ 
arity. 

c.  The  following  procedures  will  assist  the 
investigating  officer  in  completing  the  report 
and  arriving  at  a  conclusion  as  required  in 
paragraph  11. 

(1)  When  feasible,  contact  local  air¬ 
craft  control  and  warning  (ACW)  units, 
and  pilots  and  crews  of  aircraft  aloft  at  the 
time  and  place  of  sighting.  Contact  any  per¬ 
sons  or  organizations  that  may  have  addi¬ 
tional  data  on  the  UFO  or  can  verify  evi¬ 
dence — visual,  electronic,  or  other. 

(2)  Consult  military  or  civilian  weather 
forecasters  for  data  on  tracks  of  weather 
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balloons  or  any  unusual  meteorological  ac¬ 
tivity  that  may  have  a  bearing  on  die  stim¬ 
ulus  for  the  UFO. 

(3)  Consult  navigators  and  astrono¬ 
mers  in  the  area  to  determine  if  any  astro¬ 
nomical  body  or  phenomenon  might  account 
for  the  sighting. 

(4)  Consult  military  and  civilian  tower 
operators,  air  operations  units,  and  airlines 
to  determine  if  the  sighting  could  have  been 
an  aircraft.  Local  units  of  the  Federal  Avia¬ 
tion  Agency  (FAA)  can  be  of  assistance  in 
this  regard. 

(5)  Consult  persons  who  may  know  of 
experimental  aircraft  of  unusual  configura¬ 
tion,  rocket  and  guided  missile  firings,  or 
aerial  tests  in  the  area. 

(6)  Consult  local  and  State  police, 
county  sheriffs,  forest  rangers,  and  other 
civil  officials  who  may  have  been  in  the  area 
at  the  time  of  the  sighting  or  have  knowl¬ 
edge  of  other  witnesses. 

8.  Transmittal  of  Reports: 

a.  Timeliness.  Report  all  information  on 
UFOs  promptly.  Electrical  transmission  with 
a  "Priority”  precedence  is  authorized. 

b.  Submission  of  Reports.  Submit  multi¬ 
ple-addressed  electrical  reports  to: 

(1)  ADC. 

(2)  Nearest  Air  Division  (Defence). 

(3)  FTD  WPAFB.  (First  line  of  text: 
FOR  TDETR.) 

(4)  CSAF.  (First  line  of  text:  FOR 
AFRDC.) 

(5)  OSAF.  (First  line  of  text:  FOR 
SAF-OI.) 

c.  Written  Reports.  In  the  event  follow¬ 
up  action  requires  a  letter  report,  send  it  to 
FTD  (TDETR),  Wright-Patterson  AFB, 
Ohio  45433.  FTD  will  send  the  reports  to  in¬ 
terested  organizations  in  the  US  and  to 
SAF-OI  if  required. 

d.  Reports  from  Civilians.  Advise  civil¬ 
ians  to  report  UFOs  to  the  nearest  Air  Force 
base. 

e.  Negative  or  Inapplicable  Data.  If  speci¬ 
fic  information  is  lacking,  refrain  from  using 
the  words  "negative”  or  “unidentified”  un¬ 
less  all  logical  leads  to  obtain  the  informa¬ 
tion  outlined  in  paragraph  11  have  been 
exhausted.  For  example,  the  information  on 
weather  conditions  in  the  area,  as  requested 
in  paragraph  llg,  is  obtainable  from  the 
local  military  or  civilian  weather  facility. 
Use  the  phrase  “not  applicable  (NA)”  only 
when  the  question  really  does  not  apply  to 
the  sighting  under  investigation. 

1C.  Comments  of  Investigating  Officer.  This 
officer  will  make  an  initial  analysis  and  com¬ 


ment  on  the  possible  cause  or  identity  of  the 
stimulus  in  a  supporting  statement.  He  will 
make  every  effort  to  obtain  pertinent  items 
of  information  and  to  test  all  possible  leads, 
clues,  and  hypotheses.  The  investigating  offi¬ 
cer  who  receives  the  initial  report  is  in  a 
better  position  to  conduct  an  on-the-spot  sur¬ 
vey  and  follow-up  than  subsequent  investi¬ 
gative  personnel  and  analysts  who  may  be 
far  removed  from  the  area  and  who  may 
arrive  too  late  to  obtain  vital  data  or  infor¬ 
mation  necessary  for  firm  conclusions.  The 
investigating  officer’s  comments  and  conclu¬ 
sions  will  be  in  the  last  paragraph  of  the 
report  submitted  through  channels.  The  re¬ 
porting  official  will  contact  FTD  (Area  Code 
513,  257-0916  or  257-6678)  for  verbal  au¬ 
thority  to  continue  investigations. 

11.  Basic  Reporting  Data  and  Format.  Show 
the  abbreviation  “UFO”  at  the  beginning  of 
the  text  of  all  electrical  reports  and  in  the 
subject  of  any  follow-up  written  reports.  In¬ 
clude  required  data  in  all  electrical  reports, 
in  the  order  shown  below: 

a.  Description  of  the  Object(s): 

(1)  Shape. 

(2)  Size  compared  to  a  known  object. 

(3)  Color. 

(4)  Number. 

(5)  Formation,  if  more  than  one. 

(6)  Any  discernible  features  or  details. 

(7)  Tail,  trail,  or  exhaust,  including  its 

size. 

(8)  Sound. 

(9)  Other  pertinent  or  unusual  fea¬ 
tures. 

b.  Description  of  Course  of  Object(s): 

(1)  What  first  called  .he  attention  of 
observer (s)  to  the  object (s) ? 

(2)  Angle  of  elevation  and  azimuth  of 
object (s)  when  first  observed.  (Use  theodo¬ 
lite  or  compass  measurement  if  possible.) 

(8)  Angle  of  elevation  of  objcct(s)  upon 
disappearance.  (Use  theodolite  or  compass 
measurement  if  possible.) 

(4)  Description  of  flight  path  and 
maneuvers  of  object(s).  (Use  elevations  and 
azimuth,  not  altitude.) 

(5)  How  did  the  object(s)  disappear? 
(Instantaneously  to  the  North,  for  example.) 

(6)  How  long  were  the  object (s)  visi¬ 
ble?  (Be  specific — 5  minutes,  1  hour,  etc.) 

c.  Manner  of  Observation: 

(1)  Use  one  or  any  combination  of  the 
following  items:  Ground-visual,  air-visual, 
ground-electronic,  air-electronic.  (If  elec¬ 
tronic,  specify  type  of  radar.) 

(2)  Statement  as  to  optical  aids  (tele- 
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scopes,  binoculars,  etc.)  used  and  descrip¬ 
tion  thereof. 

(3)  If  the  sighting  occurred  while  air¬ 
borne,  give  type  of  aircraft,  identification 
number,  altitude,  heading,  speed,  and  home 
station. 

d.  Time  and  Date  of  S’ghting: 

( 1 )  Greenwich  date-time  group  of  sight¬ 
ing  and  local  time. 

(2)  Light  conditions  (use  one  of  the 
following  terms:  Night,  day,  dawn,  dusk). 

e.  Location  of  Observer (s).  Give  exact 
latitude  and  longitude  coordinates  of  each 
observer,  and/or  geographical  position.  In 
electrical  reports,  give  a  position  with  refer¬ 
ence  to  a  known  landmark  in  addition  to  the 
coordinates.  For  example,  use  “2  mi  N  of 
Deeville”;  “3  mi  SW  of  Blue  Lake,”  to  pre¬ 
clude  errors  due  to  teletype  garbling  of  fig¬ 
ures. 

f.  Identifying  Information  on  Observ¬ 
er  (s): 

(1)  Civilian — Name,  age,  mailing  ad¬ 
dress,  occupation,  education  and  estimate  of 
reliability. 

(2)  Military — Name,  grade,  organiza¬ 
tion,  duty,  and  estimate  of  reliability. 

g.  Weather  and  Winds-Aloft  Conditions  at 
Time  and  Place  of  Sightings: 

(1)  Observer (s)  account  of  weather 
conditions. 

(2)  Report  from  nearest  AWS  or  US 
Weather  Bureau  Office  of  wind  direction 
and  velocity  in  degrees  and  knots  at  sur¬ 
face,  6,000',  10,000',  16,000',  20,000',  30,000', 
50,000',  and  80,000',  if  available. 

(3)  Ceiling. 

(4)  Visibility. 

(5)  Amount  of  cloud  cover. 

(6)  Thunderstorms  in  area  and  quad¬ 
rant  in  which  located. 

(7)  Vertical  temperature  gradient. 

h.  Any  other  unusual  activity  or  condi¬ 
tion,  meteorological,  astronomical,  or  other¬ 
wise,  that  might  account  for  the  sighting. 

i.  Interception  or  identification  action 
taken  (such  action  is  authorized  whenever 
feasible  and  in  compliance  with  existing  air 
defense  directives). 

j.  Location,  approximate  altitude,  and 
general  direction  of  flight  of  any  air  traffic 
or  balloon  releases  in  the  area  that  might 
possibly  account  for  the  sighting. 

k.  Position  title  and  comments  of  the  pre¬ 
paring  officer,  including  his  preliminary 
analysis  of  the  possible  cause  of  the  sight¬ 
ings  (s).  (See  paragraph  10.) 

12.  Reporting  Physiol  Evidence: 

a.  Photographic: 


(1)  Still  Photographs.  Forward  the 
original  negative  to  FTD  (TDETR),  Wright- 
Patterson  AFB,  Ohio  45433,  and  indicate 
the  place,  time,  and  date  the  photograph  was 
taken. 

(2)  Motion  Pictures.  Obtain  the  origi¬ 
nal  film.  Examine  the  film  strip  for  apparent 
cuts,  alterations,  obliterations,  or  defects.  In 
the  report  comment  on  any  irregularities, 
particularly  in  films  received  from  other  than 
official  sources. 

(3)  Supplemental  Photographic  Infor¬ 
mation.  Negatives  and  prints  often  are  in¬ 
sufficient  to  provide  certain  valid  data  or 
permit  firm  conclusions.  Information  that 
aids  in  plotting  or  in  estimating  distances, 
apparent  size  and  nature  of  object,  probable 
velocity,  and  movements  includes: 

(a)  Type  and  make  of  camera. 

(b)  Type,  focal  length,  and  make  of 

lens. 

(c)  Brand  and  type  of  film. 

(d)  Shutter  speed  used. 

(e)  Lens  opening  used;  that  is,  “f” 

stop. 

(f)  Filters  used. 

(g)  Was  tripod  or  solid  stand  used. 

(h)  Was  “panning”  used. 

(i)  Exact  direction  camera  was 
pointing  with  relation  to  true  North,  and  its 
angle  with  respect  to  the  ground. 

(4)  Other  Camera  Data.  If  supplemen¬ 
tal  information  is  unobtainable,  the  mini¬ 
mum  camera  data  required  are  the  type  of 
camera,  and  the  smallest  and  largest  “f”  stop 
and  shutter  speed  readings  of  the  camera. 

(5)  Radar.  Forward  two  copies  of  each 
still  camera  photographic  print.  Title  radar- 
scope  photographic  prints  per  AFR  95-7. 
Classify  radarscope  photographs  per  AFR 
205-1. 

NOTE:  If  possible,  develop  film  Itefore 
forwarding.  Mark  undeveloped  film  clearly 
to  indicate  this  fact,  to  avoid  destruction  by 
exposure  through  mail  channels  to  final  ad¬ 
dressees. 

o.  Material.  Air  Force  echelons  receiving 
suspected  or  actual  UFO  material  will  safe¬ 
guard  it  to  prevent  any  defacing  or  altera¬ 
tions  which  might  reduce  its  value  for  in¬ 
telligence  examination  and  analysis. 

c.  Photographs,  Motion  Pictures,  and  Neg¬ 
atives  Submitted  by  Individuals.  Individuals 
often  submit  photographic  and  motion  pic¬ 
ture  material  as  part  of  their  UFO  reports. 
All  original  material  submitted  will  l>e  re¬ 
turned  to  the  individual  after  completion  of 
necessary  studies,  analysis,  and  duplication 
by  the  Air  Force. 
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AFR  80-17 

By  ORDER  OF  THE  SECRETARY  OF  THE  AIR  FORCE 


Official 


R.  J.  PUGH 

Colonel,  USAF 

Director  of  Administiativc  Services 


•  • v 


j.  p.  McConnell 

General,  U.S.  Air  Force 
Chief  of  Staff 


1 


APPENDIX  B:  AFR  NO.  80-17(C2)  .  UNIDENTIFIED  FLYINU  OBJECTS 

CHANGE  2,  AFR  80-17 

AIR  FORCE  REGULATION  DEPARTMENT  OF  THE  AIR  FORCE 

NO.  80-17 (C2)  Washington,  SO  September  1968 

Research  and  Development 

UNIDENTIFIED  FLYING  OBJECTS  (UFO) 


APR  80-17,  19  September  1996,  and  chance  1,  26  October  1967,  are  chanced  aa  follows: 

8b(3).  FTD  WPAFB.  (First  line  of  text:  FOR  TDPT  (UFO).) 

8b(6).  Delete. 


i 


By  Order  of  the  Secretary  of  the  Air  FoRC’i 


Official 


j.  p.  McConnell,  a,  n<mt,  usaf 

Chief  of  Staff 


JOHN  F.  RASH,  Colonel,  I'SAF 
Director  of  Administrative  Sendees 


DISTRIBUTION:  S 
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APPENDIX  B:  AFR  NO.  80-17(Cl)  .  UNIDENTIFIED  FLYING  OJ'iCTS 


CHANGE  1,  AFR  80-17 

AIR  FORCE  REGULATION  DEPARTMENT  OF  THE  AIR  FORCE 

NO.  80-17(Cl)  Washington,  26  October  1967 


Research  and  Development 
UNIDENTIFIED  FLYING  OBJECTS  (UFO) 


AFR  80-17,  It  September  1M6,  ia  changed  as  follows : 

if  Be,  Investigation,  Each  commander  of  an 
Air  Force  base  within  the  United  States  will 
provide  a  UFO  . . .  sighting  for  action. 

3c.  EXCEPTIONS:  FTD  at  Wright-Patter- 
son  ...  for  separate  investigations.  The  Uni¬ 
versity  of  Colorado,  under  a  research  agree¬ 
ment  with  the  Air  Force,  will  conduct  a  study 
of  UFOs.  This  program  (to  run  approxi¬ 
mately  15  months)  will  be  conducted  inde¬ 
pendently  and  without  restrictions.  The 
university  will  enlist  the  assistance  of  other 
conveniently  located  institutions  that  can  field 
investigative  teams.  All  UFO  reports  will  be 
submitted  to  the  University  of  Colorado, 
which  will  be  given  the  fullest  cooperation  of 
all  UFO  Investigating  Officers.  Every  effort 
will  be  made  to  keep  all  UFO  reports  un¬ 
classified.  However,  if  it  is  necessary  to 
classify  a  report  because  of  method  of  detec¬ 
tion  or  other  factors  not  related  to  the  UF  0, 
a  separate  report  including  all  possible  infor¬ 
mation  will  be  sent  to  the  University  of 
Colorado. 

The  Deputy  Chief  of  Staff, . . .  reported 
within  the  United  States.  All  Air  Fore?  ac¬ 
tivities  within  the  United  States  will  conduct 
UFO  . . .  investigation  with  FTD. 


8b(6).  University  of  Colorado,  Boulder  CO 
80302,  Dr.  Condon.  (Mail  copy  of  message 
form.) 

★8c.  Reports.  If  followup  action  is  required 
on  electrically  transmitted  reports,  prepare 
an  investigative  report  on  AF  Form  117, 
"Sighting  of  Unidentified  Phenomena  Ques¬ 
tionnaire,"  which  will  be  reproduced  locally 
on  8"  x  10Vi"  paper  in  accordance  with  at¬ 
tachment  1  (9  pages).  Send  the  completed 
investigative  report  to  FTD  (TDETR), 
Wright- Patterson  AFB  OH  45433.  FTD  will 
send  the  reports  to  interested  organizations 
in  the  United  States  and  to  Secretary  of  the 
Air  Force  (SAFOI),  Wash  DC  20330,  if 
required. 

8e.  Negative  .i  Inapplicable  Data.  Renumber 
as  paragraph  9. 

Ilk.  Position  title,  name,  rank,  official  ad¬ 
dress,  telephone  area  code,  office  and  home 
telephone,  and  comments  of  the  preparing 
officer,  including  his  preliminary  analysis  of 
the  possible  cause  of  the  sighting.  (See  para¬ 
graph  10.) 


By  Ofder  of  the  Secretary  of  the  Air  Force 


Official 


J.  P.  McCONNELL,  General,  USA  F 
Chief  of  Staff 


R.  J.  PUGH,  Colonel,  USAF  1  Attachment 

Director  of  Administrative  Services  AF  Form  117,  “Sighting  of  Unidentified 

Phenomena  Questionnaire" 


This  regulation  aupenedea  AFK  M0-I7A,  8  November  196*1. 

OPR:  AFRDDC, 

DISTRIBUTION:  S 
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AFR  80-17(Cl) 

SIGHTING  OF  UNIDENTIFIED  PHENOMENA  QUESTIONNAIRE 

MJDOtT  miKMAU  AtnOYAL 
NUMBM  31  -1351 

THIS  QUESTIONNAIRE  HAS  BEEN  PREPARED  SO  THAT  YOU  CAN  GIVE  THE  U.&  AIR  FORCE  AS  MUCH  INFORMATION 
AS  POSSIBLE  CONCERNING  THE  UNIDENTIFIED  PHENOMENON  THAT  YOU  HAVE  OBSERVED.  PLEASE  TRY  TO 
ANSWER  ALU  OF  THE  QUESTIONS.  THE  INFORMATION  YOU  GIVE  WILL  BE  USED  FOR  RESEARCH  PURPOSES 
YOUR  NAME  WILL  NOT  BE  USED  IN  CONNECTION  WITH  ANY  OF  YOUR  STATEMENTS  OR  CONCLUSIONS  WITHOUT 
YOUR  PERMISSION.  RETURN  TO  AIR  FORCE  BASE  INVESTIGATOR  FOR  FORWARDING  TO  FTD  (TDETR).  WRIGHT 
PATTERSON  AFB, OHIO 45433,  IAW  AFRflu- 17.  (IF  ADDITIONAL  SHEETS  ARF  NFF.DED  FOR  NARRATIVE  OR  SKETCHES 
ATTACH  SECURELY  TO  THIS  FORM  OR  ANNOTATE  WITH  YOUR  NAME  FOR  IDENTIFICATION.) 

t.  WHEN  DID  YOU  SEE  THE  PHENOMENON? 

DAY  MONTH 

YEAR 

2  WHAT  TIME  010  YOU  FIRST  SIGHT  THE  PHENOMENON? 

HOUR  MINUTES 

_  1  1  A 

3.  WHAT  TIME  DID  YOU  LAST  SIGHT  THE  PHENOMENON? 

HOUR  MINUTES 

_  Gp.m. 

4.  TIME  '  ZONE  □  DAYLIGHT  SAVINGS  □  ST  AN  i  ARD 

□  eastern  □  central  □mountain  □pacific 

□  OTHER 

5  WHERE  WERE  YOU  WHEN  YOU  SAW  THE  PHENOMENON?  IF  IN  CITY  GIVE  THE  NEAREST  STREET 

AOORESS  AND  INDICATE  ON 

A  HAND  DRAWN  MAP  WHERE  YOU  WERE  STANDING  WITH  REFERENCE  TO  THE  ADDRESS.  IF  IN  THE  COUNTRY.  IDENTIFY  THE 
H'GHWAY  YOU  WERE  ON  OR  NEAR  AND  TRY  TO  FIX  A  DISTANCE  AND  DIRECTION  FROM  SOME  RECOGNIZABLE  LANDMARK. 


IMAGINE  YOU  ARE  AT  THE  POINT  SHOWN  IN  THE  SKETCH.  PLACE  AN  *A  ON  THE  CURVED  LINE  TC  SHOW  HOW  HIGH  THE 
PHENOMENON  WAS  ABOVE  THE  HORIZON.  OR  SKYLINE.  WHEN  FIRST  SEEN  PLACE  A  9*  ON  THE  SAME  CURVED  LINE  TO 
SHOW  HOW  HIGH  ABOVE  THE  HORIZON  THE  PHENOMENON  WAS  WHEN  LAST  SEEN. 


90  ? 

I  A 


OBSERVER 
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AFR  80-17(Cl) 


WHERE  WERE  YOU  WHEN  YOU  SAW  THE  RHENOMENONT  (Cktek  mpproprtm l«  klockt.) 


OUTDOORS 


IN  BUILOINO 


IN  CAR 


IN  BOAT 


IN  AIRPLANE 


OTHER 


AS  DRIVER 


AS  RILOT 


IN  BUSINESS  SECTION  OP  CITY 


IN  RESIDENTIAL  SECTION  OF  CITY 


IN  OPEN  COUNTRYSIDE 


NEAR  AIRFIELD 


FLYINOOVER  CITY 


FLYINO  OVER  OPEN  COUNTRY 


OTHER 


IF  YOU  WERE  IN  A  VEHICLE,  COMPLETE  THE  FOLLOWING: 


AS  PAMENQER 


AS  PASSENGER 


■  WHAT  DIRECTION  WERE  YOU  MOVING’ 

HOW  FAST  WERE  YOU  MOVING’ 

NORTH 

EAST 

SOUTH 

WEST 

DIO  YOU  STOP  ANYTIME  WHILE  OBSERVING  THE 
PHENOMENON’ 

NORTHEAST 

SOUTHEAST 

NORTHWEST 

SOUTHWEST 

□  YES  □  NO 

EXPLAIN  WHETHER  SUCH  MOVEMENT  AFFECTS  YOUR  SKETCHES  IN  ITEMS  3  AND  6. 


DESCRIBE  TYPE  UF  VEHICLE  YOU  WERE  IN  AND  TYPE  OF  ROAD,  TERRAIN  OR  BODY  OF  WATER  YOU  TRAVERSED  DURING 
THE  SIGHTING.  STATE  WHETHER  WINDOWS  OR  CONVERTIBLE  TOP  WERE  UP  OR  DOWN. 


HOW  MUCH  OTHER  TRAFFIC  WAS  THERE’ 


DIO  YOU  NOTICE  ANY  AIRPLANES’  FIVES  □  HO.  IF  *YES,*  DESCRIBE  WHEN  THEY  WERE  IN  SIGHT  RELATIVE  TO  THE  TIME 
OF  SIGHTING  THE  PHENOMENON  ANDWHERE  THEY  WERE  IN  THE  SKY  RELATIVE  TO  THE  POSITION  OF  THE  PHENOMENON. 


THE  SKY  RELATIVE  TO  THE  POSITION  OF  THE  PHENOMENON. 


LENGTH  OF  TIME 


HOW  WAS  TIME  DETERMINED* 


HOW  LONG  WAS  THE  PHENOMENON  IN  SIGHT’ 


CERTAIN  OF  TIME 


FAIRLY  CERTAIN 


NOT  VERY  SURE 


JUST  A  GUESS 


WAS  THE  PHENOMENON  IN  SIGHT  CONTINUOUSLY’ 
MOVEMENT  OR  THE  BEHAVIOR  OF  THE  PHENOMENO 
PEARANCES  ON  PREVIOUS  SKETCHES. 


D Yes 

;non7  and  one 


NO.  IF  *NO,*  INDICATE  WHETHER  THIS  IS  DUE  TO  YOUR 
RIBE  SUCH  MOVEMENT  OR  BEHAVIOR.  INDICATE  OISAP- 


(Bcc« 
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GIVE  OFF  SMOKE’ 


CHANGE  BRIGHTNESS’ 


CHANGE  SHAPE’ 


FLASH  OR  FLICKER* 


DISAPPEAR  AND  REAPPEAR’ 


SPIN  LIKE  A  TOP’ 


MAKE  A  NOISE’ 


FLUTTER  OR  WOBBLE’ 


14.  WHAT  OREW  YOUR  ATTENTION  TO  THE  PHENOMENON’ 


B.  UID  THE  PHENOMENON  MOVE  BEHIND  OR  IN  FRONT  OF  SOMETHING.  LIKE  A  CLOUD.  TREE.  OR  BUILDING  AT  ANY  TIME’ 
["[YES  [  ]  NO.  IF  *YES.'  DESCRIBE. 


13U3 


f  /- 


II  i*.Vi.-- 


AFR  8G-17(C1) 


1».  DRAW  A  PICTURE  THAT  WILL  SHOW  THE  SHAPE  OP  THE  PHENOMENON.  INCLUDE  AND  LABEL  ANY  DETAILS  THAT  MIGHT 
HAVE  APPEARED  AS  WINOS  OR  PROTRUSIONS.  AND  INDICATE  EXHAUST  OR  VAPOR  TRAILS.  INDICATE  BY  AN  ARROW  THE 
DIRECTION  THE  PHENOMENON  WAS  MOVING. 


IS.  WHAT  WAS  THE  ANOULAR  SIZET  HOLD  A  MATCH  AT  ARM’S  LENGTH  IN  PRONT  OP  A  KNOWN  OBJECT.  SUCH  AS  A  STREET 
LAMP  OR  THE  MOON.  NOTE  HOW  MUCH  OP  THE  OBJECT  IS  COVEREO  BY  THE  HEAD  OF  THE  MATCH.  NOW  IF  YOU  HAD 
BEEN  ABLE  TO  PERFORM  THIS  EXPERIMENT  AT  THE  TIME  OP  THE  SIGHTING,  ESTIMATE  WHAT  FRACTION  OF  THE 
PHENOMENON  WOULD  HAVE  BEEN  COVERED  BY  THE  MATCH  HEAD. 


Attachment  1 
(Becomes  Attachment  1  to  AFR  80-17) 


APR  8M7(C1) 


17.  DID  YOU  OBSERVE  THE  PHENOMENON  THROUGH  AMY  OP  THE  FOLLOWING’ 
TYPE,  FILTER,  LENS  PRESCRIPTION  OR  OTHER  APPLICABLE  OATA. 


INCLUDE  INFORMATION  ON  MODEL, 


EYEGLASSES 

SUNGLASSES 

BINOCULARS 

WINDSHIELD 

TELESCOPE 

SIDE  WINDOW  OF  VEHICLE 

THEODOLITE 

WINOOWPANE 

OTHER 

A.  DO  YOU  ORDINARILY  WEAR  GLASSES’  0  YES  Q  NO 

B.  DO  YOU  USE  REAOING  GLASSES’  0  YES  0  NO  1 

18  WHAT  WAS  YOUR  IMPRESSION  OF  THE  SPEED  OF  THE 
PHENOMENON’  GIVE  ESTIMATE  OF  SPEED _ 


IS.  WHAT  WAS  YOUR  IMPRESSION  OF  THE  DISTANCE  OF  THE 
PHENOMENON f  GIVE  ESTIMATE  OF  CISTANCE _ 


20  IN  ORDER  THAT  WE  MAY  OBTAIN  AS  CLEAR  A  PICTURE  AS  POSSIBLE  OF  WHAT  YOU  SAW,  DESCRIBE  IN  YOUR  OWN  WOROS 
A  COMMON  OBJECT  OR  OBJECTS  WHICH,  WHEN  PLACED  IN  THE  SKY,  SIMILAR  TO  WHERE  YOU  NOTED  THE  PHENOMENON. 
WOULD  BEAR  SOME  RESEMBLANCE  TO  WHAT  YOU  SAW.  DESCRIBE  SIMILARITIES  AND  DIFFERENCES  BETWEEN  THE 
COMMON  OBJECT  AND  WHAT  YOU  SAW. 


2!  010  YOU  NOTICE  ANY  ODOR.  NOISE.  OR  HEAT  EMANATING  FROM  THE  PHENOMENON  OR  ANY  EFFECT  ON  YOURSELF. 
ANIMALS  OR  MACHINERY  IN  THE  VICINITY*  0  YES  □  NO.  IF  *YES.*  DESCRIBE. 


A.  DID  THE  PHENOMENON  DISTURB  THE  GROUND  OR  LEAVE  ANY  PHYSICAL  EVIDENCE.  Q  YES  Q  NO. 
IF  *YES.*  DESCRIBE. 
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at.  NAVI  YOU  IVIN  MIN  TNI!  ON  a  MM  LAN  PHENOMENON  IE PONE’  □  VIS  □  NO.  IP  •YES."  OIVI  OATI  AND 
LOCATION. 


SS.  NAS  ANVONI  WITH  YOU  AT  THK  TNM  YOU  SAW  TMI  PHINOMINONT  □  VIS  □  NO.  IP  •YES.*  «D  THEY  III  IT  TOO’ 

□  vis  Quo. 


A.  LIST  TNIIN  NAMIt  ANO  AOONMSIS 


S4.  OIVI  THI  POLLOWINO  INFORMATION  AIOUT  YOUWMLP 


LAST  NAIM.  PINST  NANI,  MIOOLl  NANI 


ADMIISS  fSirwM,  City,  Jmn  mad  Zip  Cmdm) 


TELEPHONE  (Amm  cmda  mad  waM 

AOE 

MALE 

FEMALE 

INMCATI  AOOITIONAL  INPONMATION  INCLUOINO  OCCUPATION  ANO  ANY  CXPKNIINCI  WHICH  MAY  Wl  PENTINCNT. 


M  WHEN  ANO  TO  WHOM  OID  YOU  Nf PONT  THAT  YOU  HAD  SIOHTEO  THIS  PHENOMENON’ 

NAME _  DAY _  MONTH _  YEAR  _ 

M  OATS  YOU  COMPLETED  THIS  QUISTIONNAINI. 

OAV _  MONTH _  YEAR  _ 

PACE  ■  OP  t  PAOES 


AttaduMat  1 
(i  MMNO  Attach WM  1  to  APR  80-17) 
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APPENDIX  B:  AFR  NO.  80-17A.  UNIDENTIFIED  FLYING  OBJECTS 

CHANGE  AFR  80-1 7 A 

AIR  FORCE  REGULATION  DEPARTMENT  OF  THE  AIR  FORCE 

NO.  80-17A  Washington,  8  November  1966 


Research  and  Development 

UNIDENTIFIED  FLYING  OBJECTS  (UPO) 


AH  99-17,  19  September  19M,  Is  cheated  es  follows) 

3«.  EXCEPTIONS:  FTD  at  Wright- Patterson  ...  for  separate  investigations.  The  Uni¬ 
versity  of  Colorado  will,  under  a  research  agreement  with  the  Air  Force,  conduct  a  study 
of  UFOs.  This  program  (to  run  approximately  15  months)  will  be  conducted  independ¬ 
ently  and  without  restrictions.  The  university  will  enlist  the  assistance  of  other  conveniently 
located  institutions  that  can  field  investigative  teams.  All  UFO  reports  will  be  submitted 
to  the  University  of  Colorado,  which  will  be  given  the  fullest  cooperation  of  all  UFO  In¬ 
vestigating  Officers.  Every  effort  will  be  made  to  keep  all  UFO  .  reports  unclassified. 
However,  if  it  is  necessary  to  classify  a  report  because  of  method  of  detection  or  other 
factors  not  related  to  the  UFO,  a  separate  report  including  all  possible  information  will 
be  sent  to  the  University  of  Colorado. 

8b(l).  University  of  Colorado,  Boulder,  Colorado  80802,  ATTN:  Dr.  Condon.  (Mail  copy 
of  message  form.) 

8e.  Negative  or  Inapplicable  Data.  Renumber  as  paragraph  9. 

Ilk.  Position  title,  name,  rank,  official  address  telephone  area  code,  office  and  home  phone, 
and  comments  of  the  preparing  officer  including  his  preliminary  analysis  of  the  pos¬ 
sible  cause  of  the  sighting(s).  (See  paragraph  10.) 

By  Order  of  the  Secretary  of  the  Air  Force 

Official  J.  P.  McCONNELL 

General,  U.  S .  Air  Force 
Chief  of  Staff 

R.  J.  PUGH 
Colonel,  USAF 

Director  of  Administrative  Services 


DISTRIBUTION:  S 
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A.PPHNDI X  C:  PRESENTATION  AT  ARIZONA  ACADEMY  OF  SCIENCE  MEETINC, 
29  APRIL  1967,  BY  GERARD  KUIPER,  LUNAR  AND  PLANETARY 
LABORATORY,  UNIVERSITY  OF  ARIZONA 


It  It  difficult  to  suanarlze  adequately  the  very  complex  act  of  problems 
posed  by  the  UFO  reports.  I  think  that  Or.  McDonald  is  performing  a  service  to 
rcience  and  the  country  in  attempting  to  raise  the  standards  of  reporting  end 
snalysls;  but  I  would  differ  with  hia  on  several  points  of  emphasis. 

My  own  involvement  with  UFO  reports  dates  back  to  194  7  when  they  first 
became  popular.  I  was  then  Director  of  the  University  of  Chicago's  Yerkes 
Observetory  in  Southern  Wisconsin,  and  the  Chicago  Dally  News  and  other  newspapers 
contacted  me  freauently  for  my  evaluation  as  reports  were  received  from  the  wire 
services.  I  was  also  intermittently  teaching  at  Chicago  on  Campus  and  approached 
by  students  who  had  made  puzzling  observations  of  their  own.  These  latter  reports 
were  usually  disposed  of  rather  easily.  Several  of  them  were  related  to  observa¬ 
tions  of  the  planet  Jupiter  seen  around  4  AM  between  passing  clouds.  1  also  made 
a  UFO  "observation"  of  my  own!  It  occurred  at  the  McDonald  Observatory,  in  day- 
tisws,  while  I  was  observing  the  planet  Venus  with  the  82-lnch  telescope.  I  was 
snared  to  see  in  the  daytime  sky  a  number  of  objects,  almost  stellar  in  appearance, 
with  the  approximate  brightness  of  Venus.  Quick  focal  measurements  with  the 
telescope's  finders  established  that  these  objects  were  a  few  hundred  feet  above 
the  observatory  and  aoved  approximately  with  the  direction  and  velocity  of  the 
wind.  They  turned  out  to  be  spiders  floating  over  the  Rocky  Mountains  on  their 
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vibi,  causing  bright  star- llks  diffraction  images  whan  seen  almost  in  the 
direction  of  tha  sun. 

I  also  laarnsd  first  hand  of  reports  circulating  In  Southern  California 
during  visits  to  Mt.  Palomar.  In  thst  arss  there  was  a  cult  which  organized  sunset 
or  sunrise  meetings  for  the  observation  of  UFO's,  the  details  of  which  were  truly 
astounding.  The  Palomar  astronomers  were  accused  by  members  of  the  cult  of  keeping 
their  secrets  on  the  UFO's  see.i  and  captured  (one  of  which  was  the  18-foot  diameter 
bowl-shaped  Hartmann  diaphragm  used  in  testing  the  200-inch  Hcle  telescope!).  I 
became  acquainted  with  the  role  of  Mr.  Adamski  who  lived  at  the  foot  of  Palomar  Mt. 
and  who  teamed  up  with  an  Englishman  who  was  a  writer.  Together  they  produced  a 
book,  "Flying  Saucers  Have  Landed,"  that  became  a  best  seller.  The  lore  concerning 
authors  of  this  book  who  frequently  visited  Mt.  Palomar,  was  the  subject  of  much 
conversation  among  the  Palomar  and  Mt.  Wilson  service  staffs,  and  revealed  much  on 
the  reliability  or  lack  thereof  In  the  material  presented. 

I  should  correct  a  statement  that  has  been  made  that  scientists  have  shied 
away  from  UFO  reports  for  fear  of  ridicule.  As  a  practicing  scientist,  I  want  to 
state  categorically  that  this  Is  nonsense.  A  scientist's  research  is  self-directed. 
He  knows  how  limited  and  cut-up  is  the  time  he  can  devote  to  research,  between  his 
numerous  other  duties.  He  selects  his  area  of  investigation  not  because  of  pressures 
but  because  he  sees  the  possibility  of  making  some  significant  scientific  advance. 

We  are  living  in  a  period  of  explosive  growth  of  science,  and  the  scientist  has 
dozens  of  choices.  He  selects  in  much  thu  same  manner  inihlch  a  hiker  selects  a 
path  over  a  dangerous  mountain  slope  or  through  a  jungle.  At  all  times  he  fights 
against  tloe  and  ha  knows  that  his  scientific  reputation  is  at  stake.  If  his 
judgment  was  right,  he  will  get  results  and  be  praised  by  his  peers.  A  scientist 
would  consider  the  discovery  of  evidence  of  life  on  another  planet  as  perhaps  the 
greatest  contribution  he  could  make  and  one  that  might  earn  him  the  Nobel  Prise. 

But  this  is  no  reason  for  him  to  chase  every  will-o'-the-wisp.  A  scientist  chooses 
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his  flsld  of  inquiry  bocause  ha  baliavas  it  hoick  raal  premiss.  If  latar  his 
choice  proves  wrong,  he  will  feel  vary  badly  and  try  to  sharpen  his  criteria  before 
he  sets  out  sgaln.  Thus,  if  society  finds  that  most  scientists  have  not  been 
attracted  to  the  UFO  problem,  the  explanation  smst  be  that  they  have  not  boon 
impressed  with  the  UFO  reports.  In  ay  own  case,  after  having  examined  severe? 
dozen  of  then  during  the  past  twenty  years,  I  have  found  nothing  that  was  worthy 
of  further  attention.  Each  scientist  must,  of  course,  make  this  kind  of  decision 
for  himself.  Anyone  who  is  curious  or  Impressed  has  the  privilege  to  follow  them 
up  and  is  free  to  solicit  the  Interest  of  others. 

The  subject  of  the  UFO  reports  may  be  put  in  perspective  by  looking  at  two 
somewhat  analogous  cases:  (1)  the  announcement  of  the  discovery  of  extraterrestrial 
living  organisms  In  meteorites;  and  (2)  the  case  of  Martian  "canals."  Most  people, 
even  scientists,  have  little  appreciation  for  the  extreme  hostility  to  life  of 
outer  space;  and  most  of  us,  through  education  or  cultural  tradition,  would  Ilka 
to  believe  that  life  on  earth  is  not  alone.  Every  straw  In  the  wind  that  might 
point  toward  the  existence  of  life  elsewhere  is  seized  upon  end  made  an  object  of 
veneration,  if  not  of  a  new  cult. 

In  beth  the  detection  of  organisms  in  meteorite  falls  and  in  establishing 
that  some  UFO's  may  come  from  outer  space,  we  have  the  difficulty  that  our  test 
areas,  the  earth  and  its  atmosphere,  are  literally  crowded  with  organisms  and 
gadgets;  and  that  the  atmosphere  itself  exhibits  ever-changing  meteorological  and 
electrical  phenomena.  The  problem  is  more  difficult  than  finding  a  needle  in  a 
haystack;  it  is  finding  a  piece  of  extra-terrestrial  hay  in  a  terrestrial  haystack, 
often  on  the  basis  of  reports  of  believers  in  extra-terrestrial  hay.  The  initially 
enthusiastic  reports  of  finds  of  extra-terrestrial  organisms  in  meteorites  ere  now 
attributed  to  terrestrial  contaminations.  The  "unpopular"  scientist  who  at  the 
outset  discounted  this  "evidence"  as  preposterous  has  been  vindicated;  but  society 
has  suffered  "the  loss  of  a  dream,"  and  some  of  its  members  may  bear  a  grudge 


1311 


.  rrr**' 


If*  ■->*  4  *»<*>• 


m* * 


'  HP  fiM*  -  gu  ■  *i*  urn  * 


to'  those  who  destroyed  the  dream. 

The  canals  of  Hers  wore  reported  by  Schleperelll,  e  well-known  Its lien 
scientist  of  the  lest  century,  who  mads  thee  the  bssls  of  esjor  speculetlon  on 
the  presence  of  Intelligent  life  on  Mers.  These  ldees  were  token  over  by 
enthuslsstlc  persons  with  lltersry  Interest  In  the  U.  S.  end  further  developed. 

The  eereful  observers  with  better  telescopes  who  continued  to  denounce  the  "canals"* 
ss  optical  elusions  were  csstlgsted.  This  controversy  brought  disrepute  to  planetary 
science  and  weakaned  Its  ststus  In  universities.  To  this  day  the  effects  have  not 
been  overcoae  and  affect  even  the  NASA  progress  adversely  through  Inadequate 
acadeelc  scientific  support.  Mariner  IV  seens  to  have  done  what  these  careful 
observers  of  the  past  half  century  were  unable  to  do,  namely,  to  destroy  In  the 
public  mind  the  ayth  of  the  canals  of  Mars  and  all  that  it  Implied.  This  indicates, 
if  such  were  necessary,  that  even  reports  by  scientists  may  «r  times  be  found  to  be 
premature  or  foolish  and  that  no  subject  is  so  well  established  that  continued  and 
more  careful  scientific  investigation  Is  superfluous. 

Before  leaving  the  subject  of  the  Martian  canals  It  is  Instructive  to  see 
how  the  cult  was  perpetuated  in  the  semi-professional  litarature  for  decades.  For 
many  years  W.  H.  Pickering,  the  brother  of  the  famous  Harvard  astronomer  E.  C. 
Pickering,  collected  amateur  observations  of  Martian  canals  and  published  the  results 
in  44  reports  in  Popular  Astronomy.  The  amateur  observers  were  "rated"  by  the 
number  of  "canals'’  they  had  noted.  Thus,  there  was  a  premium  on  reporting  many 
canals.  Pickering  himself  compared  them  in  one  of  these  Popular  Astronomy  reports 
with  the  hedges  ha  had  seen  while  flying  over  the  Azores,  speculating  that  the 
Martian  canals  were  hedges  dssigned  to  prevent  dust  and  vegetation  from  blowing 
from  one  area  to  another  (the  "hedges"  were  often  hundreds  of  miles  long  and  25-100 
miles  wide) . 

What  then,  may  be  regarded  as  scientific  "truth"  and  a  proper  standard  of 
finding  this  truth?  How  does  this  affect  the  scientist's  position  to  the  UFO's? 

I  believe  that  most  scientists  hold  one  or  two  of  their  senior  colleagues  in  such 
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high  regard  that  they  Unit  their  standard  of  reference  largely  to  thea.  In 
physics,  in  the  1920's  and  30'a,  Niels  Bohr  had  this  distinction  in  Europe,  and 
later  Fermi  in  the  U.  S. 

To  a  person  seriously  proposing  that  100  or  more  of  the  10,000  UFO's  recorded 

arrivedon  earth  from  outer  space,  a  few  questions  should  be  put.  One  is  that  of 

the  planets  in  our  solar  system  (other  than  earth)  only  Mars  appears 

to  have  a  remote  possibility  of  harboring  life.  The  very  tenuous  atmosphere 

(ground  pressure  about  IX  of  the  terrestrial  atmosphere)  and  the  absence  of  free 

oxygen,  coupled  with  the  extrenely  low  water-vapor  content  and  the  penetration 

of  near-ultra^vlolet  radiation  to  the  Martian  surface,  combine  almost  certainly 

to  exclude  Mars  as  a  suitable  breeding  ground  for  energetic  "beings"  such  as  would 

build  and  man  "space  vehicles."  If  it  is  assumed  Instead  that  the  UFO's  come  from 

outside  the  solar  system,  one  finds  that  the  nearest  possible  location  would  be 

planets  accompanying  stars  more  than  4-10  light  years  away.  Since  it  la  impossible 

to  exceed  the  velocity  of  light  and  or  even  approach  it  with  finite  energies, 

one  must  assume  that  the  space  voyages  would  last  decades  or  centuries.  Then  it 

is  hard  to  sea  how  there  could  have  been  a  sudden  Increase  in  a  few  years;  also, 

how  any  civilisation  could  afford  so  many  missions  per  year,  all  to  one  distant 

planet!  This  is  certainly  entirely  inconceivable  here.  Further,  why  intelligent 

beings  would  wish  to  investigate  remote  deserts  (such  as  in  Hew  Mexico)  Instead 

of  obvious  evidence  of  intelligence  on  earth,  such  as  large  cities.  Also,  why 

this  remote  development  would  occur  lust  as  our  own  development  of  aircraft  and 

in  a  total  life  span  of  the  universe  of  over  10  billion  yeare. 

space  vehicles  took  place^  Further,  why  have  no  UFO's  been  observed  by  groups 
of  competent  observers  working  over  many  years  in  such  countries  as  England 
(Hembers  of  the  British  Astronomical  Association)  . 

Finally,  it  has  been  stated  at  this  meeting  that  the  Robertson  Report  was 
unfortunate  and  was  used  to  suppress  evidence.  Since  it  is  admitted  even  by  UFO 
advocates  .that  some  99X  are  terrestrial  and  based  on  faulty  interpretation,  it 
must  have  seemed  proper  for  a  responsible  group  advising  the  Government  to  caution 
against  hysteria  at  the  time  when  our  military  forces  were  experimenting  with  new 
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equipment,  •dentists  wn  using  new  types  of  balloons  and  other  atmospheric 
devicastand  International  tensions  were  high.  Since  It  Is  the  Department  of 
Defense  that  has  the  <*.uty  to  guard  against  unwanted  aerial  Invasion,  It  Is  logical 
and  proper  that  they  have  the  responsibility  for  watching  for  unexpected  aircraft 
and  other  aerial  devices;  and  It  would  seem  proper  for  the  Robertson  Report  to 
contain  a  statement  that  no  hostile  craft  had  so  far  been  sighted. 

Zt  Is  reiterated  that  no  greater  progress  In  science  can  be  made  than  through 
discovery  of  •  totally  new  phenomenon.  However,  only  when  UFO  observations  are  made 
that  convince  a  number  of  competent  scientists  that  something  really  significant 
may  have  occurred,  will  they  drop  their  active  programs  and  redirect  their  efforts. 
The  near  absence  of  present  scientific  participation  can  only  reflect  that  the 
reports  have  been  found  wanting. 

Again, if  oos  proposes  that  UFO  reports  merit  scientific  Inquiry,  one  must  also 
admit  that  in  no  other  field  of  Inquiry  the  scientist  is  so  handicapped  by  an  odd 
and  discouraging  assemblage  of  "data."  More  than  90%  of  these  reports  are  found 
to  be  hoaxea  or  poor  accounts  of  well-known  or  trivial  events.  Under  those  cir¬ 
cumstances  an  unexplalnad  residue  of  perhaps  10%  is  no  basis  to  believe  in  miracles. 
It  Is  more  reasonable  to  assume  that  this  residue  is  so  distorted  or  incomplete 
as  to  defy  all  analysis. 

If  this  were  a  period  In  science  of  exceptional  dullness,  it  might  be  still 
possible  to  arouse  Interest;  but  with  the  Incredible  progress  currently  being  made 
in  all  fields  of  the  natural  and  biological  sciences,  few  professional  scientists 
will  feel  called  upon  to  enter  the  Jungle. 

Since  the  Department  of  Defense  has  both  the  obligation  and  the  means  to 
observe  foreign  spacecraft  and  similar  device,  and  since  this  Department  also  has 
access  to  Information  on  experimental  "aircraft,"  this  channel  appears  to  be  the 
only  logical  one  to  bring  a  measure  of  reliability  and  sanity  into  this  subject. 
Until  not  100  but  one  case  is  established  to  be  of  scientific  Interest,  the 
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entire  subject  will  remain  fanciful  to  most  practicing  scientists .  They  may 
quote  Einstein,  whose  opinion  was  asked  on  UFO  reports:  "I  am  sure  they  saw 
something." 

In  assessing  the  UFO  reports  one  must  make  allowances  for  the  lack  of 
experience  of  most  observers  in  reporting  precisely  and  objectively  on  natural 
phenomena.  Thus  In  the  reports,  the  observations  themselves  may  be  burled  beneath 
Interpretations  that  reflect  the  mental  reference  frame  of  the  reporters.  Much 
of  the  present  generation  has  been  weaned  on  science  fiction,  and  the  UFO  reports 
reflect  not  only  the  images  thus  acquired  but  its  cavalier  disregard  of  natural 
law.  Earlier  generations  had  different  backgrounds  and  believed  in  .nnd  reported 
seeing  mermaids  on  rocks,  miracles,  and  more  recently,  sea  serpents. 

It  is  surprisingly  difficult  to  devise  adequate  scientific  surveys  of  very 
rare  natural  phenomena.  The  experience  of  the  Smithsonian  Prairie  Meteorite 
Network,  organized  through  numerous  stations  equipped  with  the  most  modern  cameras 
and  supporting  electronic  equipment,  illustrates  this  point:  No  meteorites  have 
so  far  been  recovered  from  the  mass  of  excellent  photographic  trajectories  obtained 
over  a  period  of  about  3  years.  Similarly,  no  adequate  data  yet  exist  of  ball 
lightning  (a  phenomenon  known  for  at  least  a  century)  and  other  atmospheric  plasma 
phenomena.  Nevertheless,  a  special  effort  could  be  made  in  the  Department  ot 
Defense  or  r.he  Federal  Aviation  Agency,  largely  with  existing  facilities,  to  obtain 
reliable  records  of  any  unexpected  objects  or  phenomena  that  may  occur  in  our 
atmosphere.  This  would  clear  away  the  present  jungle  of  uncertainty,  hopes, 
disillusionment,  and  frustration;  and  would  probably  lead  to  new  discoveries 
about  our  environment. 
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APPENDIX  D:  LETTER  -  J.E.  LIPP 
TO  BRIGADIER  GENERAL  PUTT 
PROJECT  "SIGN**  NO  F-TR-2274-IA  APPENDIX  "D" 


13  December  1948 


AL-1009 


Brigadier  General  Putt 
United  States  Air  Force 
Director  of  Research  and  Development 
Office,  Deputy  Chief  of  Staff,  Materiel 
Washington  25,  D.C. 

Dear  General  Putt: 

Please  refer  to  your  letter  of  18  November  1948  relative  to  the  "flying 
object"  problem  and  to  Mr.  Collbohm's  reply  dated  24  November  1948.  In 
paragraph  (b)  of  the  reply,  Mr.  Collbohm  promised  (among  other  things) 
to  send  a  discussion  of  the  "special  design  and  performance  characteris¬ 
tics  that  are  believed  to  distinguish  space  ships." 

This  present  letter  gives,  in  very  general  terms  a  description  of  the 
likelihood  of  a  visit  from  other  worlds  as  an  engineering  problem  and 
some  points  regarding  the  use  of  space  vehicles  as  compared  with  descrip¬ 
tions  of  the  flying  objects.  Mr.  Collbohm  will  deliver  copies  to  Colonel 
McCoy  at  Wright-Patterson  Air  Base  during  the  RAND  briefing  there  within 
the  next  few  days. 

A  good  beginning  is  to  discuss  some  possible  places  of  origin  of  visit¬ 
ing  space  ships.  Astronomers  are  largely  in  agreement  that  only  one 
member  of  the  Solar  system  (besides  Earth)  can  support  higher  forms  of 
life.  It  is  the  planet  Mars.  Even  Mars  appears  quite  desolate  and  in¬ 
hospitable  so  that  a  race  would  be  more  occupied  with  survival  than  we 
are  on  Earth.  Reference  1  gives  adequate  descriptions  of  conditions  on 
the  various  planets  and  satellites.  A  quotation  from  Ref.  1  (p.229)  car. 
well  be  included  here. 

"Whether  intelligent  beings  exist  to  appreciate  these 
splendors  of  the  Martian  landscape  is  pure  speculation. 

If  we  have  correctly  reconstructed  the  history  of  Mars, 
there  is  little  reason  to  believe  that  the  life  processes 
may  not  have  followed  a  course  similar  to  terrestrial 
evolution.  Wtth  this  assumption,  three  general  possi¬ 
bilities  emerge.  Intelligent  beings  may  have  protected 
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themselves  against  the  excessively  slow  loss  of  atmos¬ 
phere,  oxygen  and  water,  by  constructing  homes  and 
cities*  with  the  physical  conditions  scientifically  con¬ 
trolled.  As  a  second  possibility,  evolution  may  have 
developed  a  being  who  can  withstand  the  rigors  of  the 
Martian  climate.  Or  the  race  may  have  perished. 

'These  possibilities  have  been  sufficiently  expanded  in 
the  pseudo-scientific  literature  to  make  further  amplifi¬ 
cation  superfluous.  However,  there  may  exist  some  interest¬ 
ing  restrictions  to  the  anatomy  and  physiology  of  a  Martian. 

Rarity  of  the  atmosphere,  for  example,  may  require  a  com¬ 
pletely  altered  respiratory  system  for  warm-blooded  creatures. 

If  the  atmospheric  pressure  is  much  below  the  vapor  pressure 
of  water  at  the  body  temperature  of  the  individual,  the  process 
of  breathing  with  our  type  of  lungs  becomes  impossible.  On 
Mars  the  critical  pressure  for  a  body  temperature  of  98.6°F. 
occurs  when  a  column  of  the  atmosphere  contains  one  sixth  the 
mass  of  a  similar  column  on  the  Earth.  For  a  body  temperature 
of  77°F.  the  critical  mass  ratic  is  reduced  to  about  one 
twelfth,  and  at  60°F.  to  about  one  twenty-fourth.  These 
critical  values  are  of  the  same  order  as  the  values  estimated 
for  the  Martian  atmosphere.  Accordingly  the  anatomy  and  phys¬ 
iology  of  a  Martian  may  bo  radically  different  from  ours  - 
but  this  is  all  conjecture. 

"We  do  not  know  the  origin  of  life,  even  on  Earth.  We  are 
unable  to  observe  uny  signs  of  intelligent  life  on  Murs.  The 
reader  may  form  his  own  opinion.  If  he  believes  that  the  life 
force  is  universal  and  that  intelligent  beings  may  have  once 
developed  on  Mars,  he  has  only  to  imagine  that  they  persisted 
for  countless  generations  in  a  rare  atmosphere  which  is  nearly 
devoid  of  oxygen  and  water,  and  on  a  planet  where  the  nights 
are  much  colder  than  our  arctic  winters.  The  existence  of 
intelligent  life  on  Mars  is  not  impossible  but  it  is  completely 
unproven." 

It  is  not  too  unreasonable  to  go  a  step  further  and  consider  Venus  as 
a  possible  home  for  intelligent  life.  The  atmosphere,  to  be  sure, 
apparently  consists  mostly  of  carbon  dioxide  with  deep  clouds  of  formal¬ 
dehyde  droplets,  and  there  seems  to  be  little  or  no  water.  Vet  living 
organisms  might  develop  in  chemical  environments  that  are  strange  to 
us:  the  vegetable  kingdom,  for  example,  operates  on  a  fundamentally 
different  energy  cycle  from  Man.  Bodies  might  be  constructed  and  oper¬ 
ated  with  different  chemicals  and  other  physical  principles  than  any 
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of  the  creatures  we  know.  One  thing  is  evident:  fishes,  insects,  and 
■avals  all  manufacture  within  their  own  bodies  complex  cheaical  com¬ 
pounds  that  do  not  exist  as  minerals.  To  this  extent,  life  is  self- 
sufficient  and  might  well  adapt  itself  to  any  environment  within  cortain 
limits  of  temperature  (and  size  of  creature) . 

Venus  has  two  handicaps  relative  to  Mars.  Her  mass,  and  gravity,  are 
nearly  as  large  as  for  the  Earth  (Mars  is  smaller)  and  her  cloudy  atmos¬ 
phere  would  discourage  astronomy,  hence  space  travel.  The  remaining 
Solar  planets  are  such  poor  prospects  that  they  can  be  ignored. 

In  the  next  few  paragraphs,  we  shall  speak  of  Mars.  It  should  be  under¬ 
stood  that  most  of  the  remarks  apply  equally  well  to  Venus. 

Various  people  have  suggested  that  an  advanced  race  may  have  been  visiting 
Earth  from  Mars  or  Venus  at  intervals  from  decades  to  eons.  Reports  of 
objects  in  the  sky  seem  to  have  been  handed  down  through  the  generations. 

If  this  were  true,  a  race  of  such  knowledge  and  power  would  have  established 
some  form  of  direct  contact.  They  could  see  that  Earth's  inhabitants 
would  be  helpless  to  do  interplanetary  harm.  If  afraid  of  carrying  diseases 
home,  they  would  at  least  try  to  communicate.  It  is  hard  to  believe  that 
any  technically  accomplished  race  would  come  here,  flaunt  its  ability  in 
mysterious  ways  and  then  simply  go  away.  To  this  writer,  long-time  prac¬ 
tice  of  space  travel  implies  advanced  engineering  and  science,  weapons 
and  ways  of  thinking.  It  is  not  plausible  (as  many  fiction  writers  do) 
to  mix  space  ships  with  broadswords.  Furthermore,  a  race  which  had  enough 
initiative  to  explore  among  the  planets  would  hardly  be  too  timid  to 
follow  through  when  the  job  was  accomplished. 

One  other  hypothesis  needs  to  be  discussed.  It  is  that  the  Martians  have 
kept  a  long-term  routine  watch  on  Earth  and  have  been  alarmed  by  the  sight 
of  our  A-bomb  shots  as  evidence  that  we  are  warlike  and  on  the  threshold 
of  space  travel.  (Venus  is  eliminated  here  because  her  cloudy  atmosphere 
would  make  such  a  survey  impractical).  The  first  flying  objects  were 
sighted  in  the  Spring  of  1947,  after  a  total  5  atomic  bomb  explosions, 
i.e.,  Alamogordo,  Hiroshima,  Nagasaki,  Crossroads  A  and  Crossroads  B. 

Of  these,  the  first  two  were  in  positions  to  be  seen  from  Mars,  the  third 
was  very  doubtful  (at  the  edge  of  Earth's  disc  in  daylight)  and  the  last 
two  were  on  the  wrong  side  of  Earth.  It  is  likely  that  Martian  astronomers 
with  their  thin  atmosphere,  could  build  telescopes  big  enough  to  sec  A-bomb 
explosions  on  Earth,  even  though  we  were  165  and  153  million  miles  away, 
respectively,  on  the  Alamogordo  and  Hiroshima  dates.  The  weakest  point  in 
the  hypothesis  is  that  a  continual,  defensive  watch  of  Earth  for  long  periods 
of  time  (perhaps  thousands  of  years)  would  be  dull  sport,  and  no  race  that 
resembled  Man  would  undertake  it.  We  haven't  even  considered  the  idea  for 
Venus  or  Mars,  for  example. 
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The  chance  that  Martians,  under  such  widely  divergent  conditions,  would 
have  a  civilization  resembling  our  own  is  extremely  remote.  It  is  partic¬ 
ularly  unlikely  that  their  civilization  would  he  within  a  half  century 
of  our  own  state  of  advancement.  Yet  in  the  last  50  years  we  have  just 
started  to  use  aircraft  and  in  the  next  50  years  we  will  almost  certainly 
start  exploring  space. 

Thus  it  appears  that  space  travel  from  another  point  within  the  Solar 
system  is  possible  but  very  unlikely.  Odds  are  at  least  a  thousand- to- 
one  against  it. 

This  leaves  the  totality  of  planets  of  other  stars  in  the  Galaxy  as  poss¬ 
ible  sources.  Many  modern  astronomers  believe  that  planets  are  fairly 
normal  and  logical  affairs  in  the  life  history  of  a  star  (rather  than 
cataclysmic  oddities)  so  that  many  planets  can  be  expected  to  exist  in 
space. 

To  narrow  the  field  a  little,  some  loose  specifications  can  be  written  for 
the  star  about  which  the  home  base  planet  would  revolve.  Let  us  say  that 
the  star  should  bear  a  family  resemblance  to  the  Sun,  which  is  a  member 
of  the  so-called  "main- sequence"  of  stars,  i.e.,  we  eliminate  white  dwarfs, 
red  giants  and  supergiants.  For  a  description  of  these  types,  see  refer¬ 
ence  2,  chapter  5.  There  is  no  specific  reason  for  making  this  assumption 
except  to  simplify  discussion:  we  are  still  considering  the  majority  of 
stars. 

Next,  true  variable  stars  can  be  eliminated,  since  conditions  on  a  planet 
attached  to  a  variable  star  would  fluctuate  too  wildly  to  permit  life. 

The  number  of  stars  deleted  here  i»  negligibly  small.  Reference  3,  pages 
76  and  85  indicate  that  the  most  common  types  are  too  bright  to  be  in 
nearby  space  unnoticed.  Lastly,  we  shall  omit  binary  or  multiple  stars, 
since  the  conditions  for  stable  planet  orbits  are  obscure  in  such  cases. 
About  a  third  of  the  stars  are  eliminated  by  this  restriction. 

As  our  best  known  sample  of  space  we  can  take  a  volume  with  the  Sun  at 
the  center  and  a  radius  of  16  light  years.  A  compilation  of  the  47  known 
stars,  including  the  Sun,  within  this  volume  is  given  in  reference  4, 
pages  52  to  57.  Eliminating  according  to  the  above  discussion:  Three 
are  white  dwarfs,  eight  binaries  account  for  16  stars  and  two  trinaries 
account  for  6  more.  The  remainder,  22  stars,  can  be  considered  as  eli¬ 
gible  for  habitable  planets. 

Assuming  the  above  volume  to  be  typical,  the  contents  of  any  other 
reasonable  volume  can  be  found  by  varying  the  numhei  of  st  irs  proportion¬ 
ately  with  the  volume,  or  with  the  radius  cubed,  Se  ■  22  x  (  r  )•*,  where 
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Se  is  number  of  eligible  stars  and  r  is  the  radius  of  the  volume  in 
light  years.  (This  formula  should  only  be  used  for  radii  greater  than 
16  light  years.  For  smaller  samples  we  call  for  a  recount.  For  example, 
only  one  known  eligible  star  other  than  the  Sun  lies  within  eight  light 
years) . 

Having  an  estimate  of  the  number  of  useable  stars,  it  is  now  nece¬ 
ssary  to  make  a  guess  as  to  the  number  of  habitable  planets.  We  have 
only  one  observed  sample,  the  Solar  system,  and  the  guess  must  be  made 
with  low  confidence,  since  intelligent  life  may  not  be  randomly  distributed 
at  all. 


The  Sun  has  nine  planets,  arranged  in  a  fairly  regular  progression 
of  orbits  (see  reference  1,  Appendix  I)  that  lends  credence  to  theories 
that  many  stars  have  planets.  Of  the  nine  planets,  (one,  the  Earth)  is 
completely  suitable  for  life.  Two  more  (in  adjacent  orbits)  are  near 
misses:  Mars  has  extremely  rigorous  living  conditions  and  Venus  has  an 
unsuitable  atmosphere.  Viewed  very  broadly  indeed,  this  could  mean  that 
each  star  would  have  a  series  of  planets  so  spaced  that  one,  or  possibly 
two,  would  have  correct  temperatures,  correct  moisture  content  and  at¬ 
mosphere  to  support  civilized  life.  Let  us  assume  that  there  is,  on  the 
average,  one  habitable  planet  per  eligible  star. 

There  is  no  line  of  reasoning  or  evidence  which  can  indicate  whether 
life  will  actually  develop  on  a  planet  where  the  conditions  are  suitable. 
Here  again,  the  Earth  may  be  unique  rather  than  a  random  sample.  This 
writer  can  only  inject  some  personal  intuition  into  the  discussion  with 
the  view  that  life  is  not  unique  on  Earth,  or  even  the  random  result  of 
a  low  probability,  but  is  practically  inevitable  in  the  right  conditions. 
This  is  to  say,  the  number  of  inhabited  planets  is  equal  to  those  that 
are  suitable! 


One  more  item  needs  to  be  considered.  Knowing  nothing  at  all  about 
other  races,  we  must  assume  that  Man  is  average  as  to  technical  advance¬ 
ment,  environmental  difficulties,  etc.  That  is,  one  half  of  the  other 
planets  are  behind  us  and  have  no  space  travel  and  the  other  half  are 
ahead  and  have  various  levels  of  space  travel.  We  can  thus  imagine  that 
in  our  sample  volume  there  are  11  races  of  beings  who  have  begun  space 
explorations.  The  formula  on  page  3  above  now  becomes 


R 


11  x 


(  r  ) 
TT 
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where  R  is  the  number  of  races  exploring  space  in  a  spherical  volume  of 
radius  r  >  16  light  years. 


Arguments  like  those  applied  to  Martians  on  page  2  need  not  apply 
to  races  from  other  star  systems.  Instead  of  being  a  first  port-of-call , 
Earth  would  possibly  be  reached  only  after  many  centuries  of  development 
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and  exploration  with  space  ships,  so  that  a  vis  Ing  race  would  be  expected 
to  be  far  in  advance  of  Man. 

To  summarize  the  discussion  thus  far:  th  nance  of  space  travelers 
existing  at  planets  attached  to  neighboring  st.  .*  is  very  much  greater 
than  the  chance  of  space-traveling  Martians.  he  one  can  be  viewed  al¬ 
most  as  a  certainty  (if  the  assumptions  are  accepted),  whereas  the  other 
is  very  slight  indeed. 

In  order  to  estimate  the  relative  chances  that  visitors  from  Mars  or 
star  X  could  come  to  the  Earth  and  act  like  "flying  objects",  some  dis¬ 
cussion  of  characteristics  of  space  ships  is  necessary. 

To  handle  the  simple  case  first,  a  trip  from  Mars  to  Earth  should  be 
feasible  using  a  rocket- powered  vehicle.  Unce  here,  the  rocket  would 
probably  use  more  fuel  in  slowing  down  for  a  landing  than  it  did  in  initial 
takeoff,  due  to  Earth's  higher  gravitational  force. 

A  rough  estimate  of  one  way  performance  can  be  found  by  adding  so- 
called  "escape  velocity"  of  Mars  to  that  of  the  Earth  plus  the  total  energy 
change  (kinetic  and  potential)  used  in  changing  from  one  planetary  orbit 
to  the  other.  These  are  3.1,  7.0,  and  10.7  miles  per  second,  respectively, 
giving  a  total  required  performance  of  20.8  miles  per  second  for  a  one-way 
flight.  Barring  a  suicide  mission,  the  vehicle  would  have  to  land  and 
replenish  or  else  carry  a  100%  reserve  for  the  trip  home. 

Let  us  assume  the  Martians  have  developed  a  nuclear,  hydrogen-propelled 
vehicle  (the  most  efficient  basic  arrangement  that  has  been  conceived  here 
on  Earth)  which  uses  half  its  stages  to  get  here  and  the  remaining  stages 
to  return  to  Mars,  thus  completing  a  round  trip  without  refueling,  but 
slowing  down  enough  in  our  atmosphere  to  be  easily  visible  (i.e.,  practi¬ 
cally  making  a  landing).  Since  it  is  nuclear-powered,  gas  temperatures 
will  be  limited  to  the  maximum  operating  temperatures  that  materials  can 
withstand  (heat  must  transfer  from  the  pile  to  the  gas.  so  cooling  can't 
be  used  in  the  pile).  The  highest  melting  point  compound  of  uranium  which 
we  can  find  is  uranium  carbide.  It  has  a  melting  point  of  4560°R.  Assume 
the  Martians  are  capable  of  realizing  a  gas  temperature  of  4500°R  l=2500OK) , 
and  that  they  also  have  alloys  which  make  high  motor  pressures  (3000  psi) 
economical.  Then  the  specific  impulse  will  be  I  =  1035  seconds  and  the 
exhaust  velocity  will  be  c  =  33,400  ft/sec  (reference  5).  Calculation  shows 
that  using  a  single  stage  for  each  leg  of  the  journey  would  require  a  fuel/ 
gross  weight  ratio  of  0.96  (for  each  stage)  too  high  to  be  practical.  Using 
two  stages  each  way  (four  altogether)  brings  the  required  fuel  ratio  down 
to  0.81,  a  value  that  can  be  realized. 


If,  by  the  development  of  strong  alloys,  the  basic  weight  could  be 
kept  to  10%  of  the  total  wieght  for  each  stage,  a  residue  of  9%  could  be 
used  for  payload.  A  four-stage  vehicle  would  then  have  a  gross  weight 
(lOO)*  ,  15,000  times  as  great  as  the  payload;  thus,  if  the  payload  were 
*TT 

2,000  pounds,  the  gross  weight  would  be  30  million  pounds  at  initial  take¬ 
off  (Earth  pounds) . 

Of  course,  if  we  allow  the  Martians  to  refuel,  the  vehicle  could  have 
only  two  stages*  and  the  gross  weight  would  be  only  (100)^  =  123  times  the 

9 

payload,  i.e.,  250,000  pounds.  This  would  require  bringing  electrolytic 
and  refrigerating  equipment  and  sitting  at  the  South  Pole  long  enough  to 
extract  fuel  for  the  journey  home,  since  they  have  not  asked  us  for  supplies. 
Our  oceans  (electrolysis  to  make  H2)  would  be  obvious  to  Martian  telescopes 
and  they  might  conceivably  follow  such  a  plan,  particularly  if  they  came 
here  without  foreknowledge  that  Earth  has  a  civilization. 

Requirements  for  a  trip  from  a  planet  attached  to  some  star  other  than 
the  Sun  can  be  calculated  in  a  similar  manner.  Here  the  e  ergy  (or  veloc¬ 
ity)  required  has  more  parts:  (a)  escape  from  the  planet,  (b)  escape  from 
the  star,  (c)  enough  velocity  to  traverse  a  few  light  years  of  space  in 
reasonable  time,  (d)  deceleration  toward  the  Sun,  (e)  deceleration  toward 
the  Earth.  The  nearest  "eligible"  star  is  an  object  called  Wolf  359  (see 
reference  4,  p.  52),  at  a  distance  of  8.0  light  years.  It  is  small,  having 
an  absolute  magnitude  of  16.6  and  is  typical  of  "red  dwarfs"  which  make 
up  more  than  half  of  the  eligible  populations.  By  comparison  with  similar 
stars  of  known  mass,  this  star  is  estimated  to  have  a  mass  roughly  0.03 
as  great  as  the  sun.  Since  the  star  has  a  low  luminosity  (being  much  cooler 
and  smaller  than  the  Sun)  a  habitable  planet  would  need  to  be  in  a  small 
orbit  for  warmth. 

Of  the  changes  of  energy  required  as  listed  in  the  preceding  para¬ 
graph,  item  (c),  velocity  to  traverse  intervening  space,  is  so  large  as  to 
make  the  others  completely  negligible.  If  the  visitors  were  long-lived 
and  could  "hibernate"  for  80  years  both  coming  and  going,  then  1/10  the 
speed  of  light  would  be  required,  i.e.,  the  enormous  velocity  of  18,000 
miles  per  second.  This  is  completely  beyond  the  reach  of  any  predicted 
level  of  rocket  propulsion. 


*  Actually  three  stages.  On  the  trip  to  Earth,  the  first  stage  would  be 
filled  with  fuel,  the  second  stage  would  contain  partial  fuel,  the  third 
would  be  empty.  The  first  stage  would  be  thrown  away  during  flight.  On 
the  trip  back  to  Mars,  the  second  and  third  stages  would  be  filled  with 
fuel.  The  gross  weight  of  the  initial  vehicle  would  be  of  the  order  of 
magnitude  of  a  two-stage  rocket. 
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If  a  race  were  far  enough  advanced  to  make  really  efficient  use  of 
nuclear  energy,  then  a  large  part  of  the  mass  of  the  nuclear  material  might 
be  converted  into  jet  energy.  We  have  no  idea  how  to  do  this,  in  fact  refer¬ 
ence  6  indicates  that  the  materials  required  to  withstand  the  temperatures, 
etc.,  may  be  fundamentally  unattainable.  Let  us  start  from  a  j  et -propel  1  ant  - 
to-gross-weight  ratio  of  0.75.  If  the  total  amount  of  expended  material 
(nuclear  plus  propellant)  can  be  0.85  of  the  gross  weight,  then  the  nuclear 
material  expended  can  be  0.10  of  the  gross.  Using  an  efficiency  of  0.5  for 
converting  nuclear  energy  to  jet  energy  and  neglecting  relativistic  mass  cor¬ 
rections,  then  a  rocket  velocity  of  half  the  velocity  of  light  could  be 
attained  .  This  would  mean  a  transit  time  of  16  years  each  way  from  the 
star  Wolf  359,  or  longer  times  from  other  eligible  stars.  To  try  to  go  much 
faster  would  mean  spending  much  energy  on  relativistic  change  in  mass  and 
therefore  operating  at  lowered  efficiency. 

To  summarize  this  section  of  the  discussion,  it  can  be  said  that  a  trip 
from  Mars  is  a  logical  engineering  advance  over  our  own  present  technical 
status,  but  that  a  trip  from  another  star  system  requires  improvements  of 
propulsion  that  we  have  not  yet  conceived. 

Combining  the  efforts  of  all  the  science-fiction  writers,  we  could  con¬ 
jure  up  a  large  number  of  hypothetical  methods  of  transportation  like  gravity 
shields,  space  overdrives,  teleports,  simulators,  energy  beams  and  so  on. 
Conceivably,  among  the  myriads  of  stellar  systems  in  the  Galaxy,  one  or  more 
races  have  discovered  methods  of  travel  that  would  be  fantastic  by  our  stand¬ 
ards.  Yet  the  larger  the  volume  of  space  that  must  be  included  in  order  to 
strengthen  this  possibility,  the  lower  will  be  the  chance  that  the  race  in¬ 
volved  would  ever  find  the  earth.  The  Galaxy  has  a  diameter  of  roughly 
100,000  light  years  and  a  total  mass  about  two  hundred  billion  times  that  of 
the  Sun  (reference  4) .  Other  galaxies  have  been  photographed  dnd  estimated 
in  numbers  of  several  hundred  million  (reference  2,  p.4)  at  distances  up  to 
billions  of  light  years  (reference  7,  p.  158).  The  number  of  stars  in  the 
known  universe  is  enormous,  yet  so  are  the  distances  involved.  A  super¬ 
race  (unless  they  occur  frequently)  would  not  be  likely  to  stumble  upon 
Planet  III  of  Sol,  a  fifth-magnitude  star  in  the  rarefied  outskirts  of  the 
Galaxy. 

A  description  oi‘  the  probable  operating  characteristics  of  space  ships 
must  be  based  on  the  assumption  that  they  will  be  rockets,  since  this  is  the 
only  form  of  propulsion  that  we  know  will  function  in  outer  space.  Below 
are  listed  a  few  of  the  significant  factors  of  rocketry  in  relation  to  the 
"flying  objects". 

(a)  Maneuverability.  A  special -purpose  rocket  can  be  made  as  maneuver- 
able  as  we  lilc,  t  ith  very  high  accelerations  either  along  or  normal  to  the 
flight  path.  However,  a  high-performance  space  ship  will  certainly  be  large 
and  unwieldy  and  could  hardly  be  designed  to  maneuver  frivolously  around  in 
the  Earth's  atmosphere.  The  orly  economical  maneuver  would  be  to  come  down 
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and  go  up  more  or  less  vertically. 

(b)  Fuel  reserves.  It  is  hard  to  see  how  a  single  rocket  ship  could 
carry  enough  extra  fuel  to  make  repeated  descents  into  the  Earth's  atmor- 
phere.  The  large  number  of  flying  objects  reported  in  quick  succession 
could  only  mean  a  large  number  of  visiting  craft. 

Ito  possibilities  thus  are  presented.  First, a  number  of  space  ships 
could  have  come  as  a  group.  This  would  only  be  done  if  full-dress  contact 
were  to  be  established.  Second,  numerous  small  craft  might  descend  from  a 
mother  ship  which  coasts  around  the  Earth  in  a  satellite  orbit.  But  this 
could  mean  that  the  smaller  craft  would  have  to  be  rockets  of  satellite 
performance,  and  to  contain  them  the  mother  ship  would  have  to  be  truly 
enormous . 

(c)  Appearance.  A  vertically  descending  rocket  might  well  appear  as 
a  luminous  disk  to  a  person  directly  below.  Observers  at  a  distance,  how¬ 
ever,  would  surely  identify  the  rocket  for  what  it  really  is.  There  would 
probably  be  more  reports  of  oblique  views  than  of  end-on  views.  Of  course, 
the  shape  need  not  be  typical  of  our  rockets;  yet  the  exhaust  should  be  easy 
to  see. 

One  or  two  additional  general  remarks  amy  be  relevant  to  space  ships  as 
"flying  objects".  The  distribution  of  flying  objects  is  peculiar,  to  say 
the  least.  As  far  as  this  writer  knows,  all  incidents  have  occurred  within 
the  United  States,  whereas  visiting  spacemen  could  be  expected  to  scatter 
their  visits  more  or  less  uniformly  over  the  globe.  The  small  area  covered 
indicates  strongly  that  the  flying  objcts  are  of  Earthly  origin,  whether 
physical  or  psychological. 

The  lack  of  purpose  apparent  in  the  various  episodes  is  also  puzzling. 
Only  one  motive  can  be  assigned;  that  the  space  men  are  "feeling  out"  our 
defenses  without  wanting  to  be  belligerent.  If  so,  they  must  have  been 
satisfied  long  ago  that  we  can't  catch  them.  It  seems  fruitless  for  them 
to  keep  repeating  the  same  experiment. 

Conclusions: 

Although  visits  from  outer  space  are  believed  to  be  possible,  they  are 
believed  to  be  very  improbable.  In  particular,  the  actions  attributed  to 
the  "flying  objects"  reported  during  1947  and  1948  seem  inconsistent  with  the 
requirements  for  space  travel. 


Very  truly  yours, 

J.  E.  Lipp 
Missiles  Division 
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APPENDIX  E:  REPORT  ON  NUMERICAL  EXPERIMENT  ON  THE  POSSIBLE 
EXISTENCE  OF  AN  "ANTI -EARTH,"  BY  DR.  R.  L.  DUNCOMBE, 

U.S.  NAVAL  OBSERVATORY 


To  experimentally  determine  the  dynamical  effects  of  a  planet 
located  on  the  other  side  of  the  Sun  from  the  Earth,  an  extra  body  was 
Introduced  rt  this  position  in'the  initial  conditions  for  a  simultaneous 
nunerlcal  integration  of  the  equations  of  motions  for  the  major  planets 
of  the  solar  system. 

The  numerical  integration  used  was  the  Stunpf-Schubart  program, 
described  in  Publications  of  the  Astronomischen  Rechen-Institut, 
Heidelberg,  No.  18  (1966).  The  calculations  were  performed  on  an  IBM 
360/40  computer  at  the  U.  S.  Naval  Observatory. 

The  initial  coordinates  and  velocities  were  derived  from  those 
given  in  the  above  reference  by  integrating  the  system  to  the  desired 
epoch.  All  the  planets  from  Venus  to  Pluto  were  included;  the  mass  of 
Mercury  was  included  with  that  of  the  Sun.  On  runs  in  which  the  anti- 
Earth  planet,  Clarion,  was  included,  its  initial  coordinate  and  velocity 
vectors  were  taken  :o  be  the  negative  of  those  for  the  Earth-Moon  bnry- 
center  at  epoch. 

The  initial  epoch  was  J.D.  244  0000.$  and  the  integration,  using 
a  2  day  step  length,  was  done  backward  to  J.D.  240  0000.$,  a  period  of 
approximately  112  years.  From  the  integrated  coordinates  an  ephemeris 
was  generated  at  a  40  day  Interval. 

Four  integrations  were  made.  The  first  was  the  sokr  system  alone, 
for  use  as  a  comparison  standard.  The  other  three  Included  Clarion 
with  three  different  mass  values:  Earth  ♦  Moon,  Moon,  and  zero.  These 
three  integrations  were  then  compared  to  the  solar  system  standard  inte¬ 
gration  and  the  differences  for  all  the  planets  were  expressed  in  ecliptic 
longitude,  latitude,  and  radius  vector.  In  addition,  the  separation  of 
Clarion  from  a  straight  line  through  the  perturbed  Earth-Moon  barycenter 
and  Sun  was  computed  in  longitude,  latitude,  and  radius  vector. 

Since  the  principal  perturbations  occur  in  longitude,  the  following 
discussion  of  the  three  cases  is  confined  to  a  description  of  the  ampli¬ 
tude  of  the  differences  in  this  coordinate. 

Case  1.  Mass  of  Clarion  equals  Earth  «■  Moon  mass. 

Separation  of  Clarion  from  the  center  of  the  Sun  exceeded  the  mean 
solar  radius  of  950"  after  about  10,000  days  and  reached  an  amplitude  of 
10,000"  in  112  years.  Perturbations  of  Venus  exceeded  1"  after  80  days, 
while  perturbations  of  the  Earth  and  Mars  exceeded  1"  after  100  days. 

At  the  end  of  112  years  the  perturbations  induced  by  Clarion  in  the  motions 
of  Venus,  Earth,  and  Mars  reached  1200",  38OO",  and  1660"  respectively. 
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Case  2.  Mass  of  Clarion  equals  mass  of  Moon. 

Separation  of  Clarion  from  the  center  of  the  Sun  exceeded  the 
mean  solar  radius  after  17,600  days  and  in  112  years  had  reached  3^70"  • 
Perturbations  of  the  Earth  exceeded  1"  after  5120  days  and  reached  26" 

In  112  years.  Perturbations  of  Venus  and  Mars  exceeded  1"  after  2160 
days  and  2800  days  respectively,  and  reached  15”  and  20"  respectively 
in  112  years. 

Case  3*  Clarion  assumed  to  have  zero  mass. 

As  expected  there  was  no  effect  on  the  motions  of  the  other  planets, 
but  the  separation  of  Clarion  from  the  Sun  was  very  nearly  the  same 
amplitude  as  for  Case  2. 

Conclusions: 

The  separation  of  Clarion  from  the  line  joining  the  Earth  and  the 
Sun  shows  a  variation  with  increasing  amplitude  in  time,  the  effect  b  'ng 
most  pronounced  for  the  largest  assumed  mass.  During  the  112  years  cohered 
by  the  integration  the  separation  becomes  large  enough  in  all  cases  that 
Clarion  should  have  been  directly  observed,  particularly  at  times  of  morn¬ 
ing  or  evening  twilight  and  during  total  solar  eclipses.  The  most  obvious 
effect  of  the  presence  of  Clarion,  however,  is  its  Influence  on  the  posi¬ 
tions  of  the  other  planets.  During  the  past  150  years  precise  observations 
by  means  of  meridian  circles  have  been  made  of  the  motions  of  the  principal 
planets  of  the  solar  system.  Differences  introduced,  by  the  presence  of 
an  anti- Earth  (Clarion;  of  non-negllglble  mass,  in  the  motions  of  Ver.us, 
Earth,  and  Mars  could  not  have  remained  undetected  in  this  period. 
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APPENDIX  F:  FAA  NOTICE  N7230.29 


NOTICE 


FEDERAL  AVIATION  AGENCY 
Vaahlngtoa,  D.C. 


N  7230.  29 

4/4/67 

CaacallaMaa 
Dalai  12/31/67 


8UBJ:  ROORTING  OF  UNIDENTIFIED  FLYING  OBJECTS  (RISt  AT  7230-96) 


1.  PURPOSE.  This  notice  establishes  procedures  for  reporting  of  unidentified 
flying  objects  (UFO’s)  by  air  traffic  control  specialists. 

2.  EFFECTIVE  DATE.  April  20,  1967. 

3.  REFERENCES.  Aeronautical  Communications  and  Pilot  Services  Handbook 

7350.7. - 

4.  BACKGROUND.  The  University  of  Colorado  is  conducting  a  study  project  on 
UFO* s.  One  of  their  problems  is  to  develop  detailed  and  credible  data. 
Since  air  traffic  control  specialists  are  skilled  observers  and  in  many 
facilities  have  access  to  radar,  their  cooperation  is  invaluable  to  the 
project  success. 

5.  PROCEDURES .  All  reports  submitted  for  this  project  are  on  a  voluntary 
basis,  but  it  should  be  noted  that  reports  will  be  held  in  strict 
confidence  and  no  details  of  sightings  or  names  of  persons  will  be 
released  to  news  media.  Telephone  reports  of  radar  UFO  sightings  shall 
not  include  names  of  radar  sites  from  which  the  data  was  derived.  This 
is  to  preclude  release  of  classified  information  on  joint-use  radar. 

a.  Initial  reports  on  UFO  sightings  should  be  transmitted  immediately 
on  the  FTS  system  to  the  University  of  Colorado  by  dialing 
8-303-447-1000  and  requesting  phone  number  443-6762.  When  the 
switchboard  operator  at  the  University  of  Colorado  answers,  advise 
that  the  Federal  Aviation  Agency  is  calling  with  a  UFO  report  and 
the  party  designated  to  accept  the  call  will  be  connected. 

b.  Report  should  be  brief  and  include  such  information  as: 

(1)  Time,  place  and  duration  of  sighting, 

DUWlhwtUftt  FAT-1,  2,  3,  3,  6  (1-5)  WRH/AT-3 
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(2)  Method  of  observation  (radar,  visual  or  both).  Do  not  include 
name  of  radar  site. 

(3)  Number  of  objects  seen. 

(4)  Size,  distance  and  motion  of  object. 

(5)  Name  of  person  calling  and  facility  of  employment. 

c. .  After  initial  reports  of  sightings,  a  later  fallow  up  by  Universtiy 

of  Colorado  and  collaborating  scientists  at  other  universities  will 
take  place  in  the  form  of  interviews.  Interviews  will  be  conducted 
only  on  those  sightings  that  hold  special  interest  for  UFO  research 
and  will  be  held  at  the  convenience  of  the  personnel.  If  the  inter¬ 
view  concerns  a  UFO  sighting  derived  from  joint-use  radar,  security 
clearances  at  the  secret  level  must  be  confirmed  for  the  interview 
group.  A  listing  of  those  persons  cleared  will  be  provided  to  the 
air  route  traffic  control  centers  through  Compliance  and  Security 
channels . 

d.  Sighting  information  received  from  outside  sources  shall  be  handled 
as  specified  in  Handbook  7300.7,  paragraph  463. 


APPROVED  APRIL  4,  1967 
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APPENDIX  G:  U.  S.  WEATHER  BUREAU  OPERATIONS  MANUAL  LETTER  67-16 


v*\ 

*vr  — 

WEATHER  BUREAU 

Operations  F.lcnusl 

SILVER  SPRING,  MARYLAND  20910 

Letter  u-ie 

Dot*  o»  i»»«e.  November  1,  1967 

r“ 

Effective  Detei  November  1 

,  1967 

In  Reply  Refer  Te.  W1421 

File  With.  B-99 

Subj«c»t  Reporting  of  Unidentified  Flying  Objects 


The  University  of  Colorado,  under  sponsorship  of  the  U.S.  Air  Force, 
is  conducting  a  study  of  UFO's.  Since  "ESSA  scientists  and  personnel 
are  among  the  most  skilled  and  careful  observers  to  be  found,"  the 
University  has  asked  our  cooperation. 

All  reports  submitted  for  this  project  are  on  a  voluntary  basis  and 
will  be  held  in  strict  confidence  by  the  University  of  Colorado. 

Weather  Bureau  observers  at  stations  in  the  48  contiguous  United  States 
are  requested  to  report  any  UFO  sightings  to  the  University  of  Colorado 
by  FTS  system,  telephone  303-447-1000  and  request  number  443-6762.  When 
the  switchboard  operator  at  the  University  of  Colorado  answers,  advise 
that  the  Weather  Bureau  is  calling  with  a  UFO  report  and  the  party 
designated  to  accept  the  call  will  be  connected. 

Include  in  the  report  such  information  as: 

(1)  Time,  place  and  duration  of  sighting 

(2)  Number  of  objects  seen 

(3)  Size,  distance  and  motion  if  known 

(4)  Your  name  and  station 

The  University  may  arrange  an  interview  with,  and  at  the  convenience  of, 
the  person  making  the  report  if  the  sighting  holds  special  interest  for 
UFO  research. 


Your  cooperation  in  this  important  project  is  appreciated. 


This  OML  is  intended  for  information  only  at  stations  in  Alaska  and  in 
the  Pacific  since  they  are  not  included  in  this  program. 

i  *  .  .11  1  WJ 


n  /uasKa  anu 

"tM 


Karl  R.  Johannessen 
Associate  Director 
Meteorological  Operations 
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APPENDIX  H:  U.  S.  DEPT.  OF  AGRICULTURE  FOREST  SERVICE, 
ROCKY  MTN.  REGION,  MEMORANDUM  TO  FOREST  SUPERVISORS 


TO:  Forest  Supervisors  File  No.  1740 

5100 

FROM:  D.  S.  Nordwall,  Regional  Date:  November  24,  1967 

Forester,  By  John  B.  Smith 

SUBJECT:  Memorandums  of  Understanding 
Fire  Control 


Dr.  Edward  Condon,  Department  of  Physics,  University  of  Colorado,  Boulder 
has  requested  Region  2  of  the  Forest  Service  to  cooperate  with  the 
University  on  its  UFO  (Unidentified  Flying  Objects)  Study.  Although  the 
study  terminates  June  30,  1968,  they  are  anxious  to  provide  a  procedure 
for  getting  reports  from  Forest  Service  observers. 

From  their  standpoint,  this  is  not  for  the  purpose  of  getting  more  data, 
but  to  get  better  data.  Forest  Service  people,  because  of  experience, 
background,  and  training,  should  be  able  to  provide  more  accurate  reports- - 
if  they  observe  a  UFO.  Such  reports  would  become  part  of  a  scientific 
study,  and  involvements  with  reporters  or  news  sources  should  be  avoided. 
The  University  has  also  requested  reports  from  FAA  and  the  Weather  Bureau. 

Standard  procedure  for  Ranger  Districts  and  National  Forests  to  use  to 
report  a  UFO  follows: 

A.  Report  information  should  include: 

1.  Time,  place,  and  duration  of  sighting. 

2.  Number  of  objects  seen  and  description  of  each. 

3.  Positive  identification  of  a  substantive  object. 

4.  Size,  distance,  and  motion  if  known. 

5.  Observer's  name  and  station. 

B.  Report  procedure: 

1.  Ranger  District  and  Forest  personnel  should  report  through 
the  Forest  Dispatcher  (or  Forest  Supervisor). 

2.  Forest  Dispatcher  should  notify  the^ Regional  Dispatcher  or, 
if  no  answer,  call  persons  in  order  listed  in  the  Emergency 
Forest  Fire  Plan. 
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3.  Regional  Dispatcher  (or  alternate)  will  report  to  Mr. 
Robert  J.  Low,  University  Project  Coordinator,  UFO 
Study.  On  the  FTS  system,  call  303-447-1000  and  ask 
for  443-2211  to  reach  Mr.  Low. 


So  far  as  we  know,  Forest  Service  people  in  Region  2  have  not  sighted  a 
UFO,  but  the  above  establishes  procedure,  and  a  report  should  be  made  if 
a  UFO  is  sighted. 
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APPENDIX  I:  INDIVIDUALS  WHO  PARTICIPATED 
IN  THE  EARLY  WARNING  NETWORK 


Alexander,  Frank 
Anderson,  Dr.  Kenneth  V. 
Ansevin,  Dr.  Krystyna 
Armstrong,  W.  P. 

Biller,  Dr.  Harold 
Boltjes,  Dr.  Ben  H. 
Brake,  Robert  V. 

Bryan,  Kenneth  E. 
Buckalew,  Dr.  Mary 
Cahn,  Dr.  Harold  A. 
Callina,  Joseph  A. 

Cecin,  Jose  A. 

Cemy,  Paul  C. 
Ciarleglio,  Frank  J. 
Clapp,  Mrs.  Carol 
Cleaver,  Marshall 
Cobb,  Mrs.  Robert 
Conron,  Frederick  E. 
Craig,  Clark 
Darling,  Spenser 
Davis,  Luckett  V. 
Dibblee,  Grant 
Donavan,  William  D. 
Dorris,  Ralph  M. 

Duncan,  Robert  A. 

Earley,  George  W. 
Eldridge,  Raymond 
Emerson,  Col.  Robert  B. 
Epperson,  Mrs.  Idabel 
Faulkner,  Richard  Louis 


Fowler,  Raymond  E. 

Friezo,  James  V. 

Frye,  Ronald  K. 

Funk,  Carl  F. 

G innings.  Dr.  G.  K. 

Grant,  Mrs.  Verne 
Gregory,  Jeanne  L. 

Haber,  Dan 
Harder,  Dr.  James 
Heiglig,  Robert  B. 

Henry,  Dr.  Richard  C. 
Inderwiesen,  F.  H. 

Johnson,  Mrs.  Jeanne  Booth 
Kammer,  David 
Klingaman,  David  C. 

Lansden,  David  V. 

Larson,  Mrs.  June 
Laufer,  Dr.  L.  Gerald 
Lewis,  Robert  M. 

Lillian,  Irving 
Loftin,  Capt.  Robert  E. 
Loi’.r,  Lloyd  A. 

MacDonald,  Cynthia  M. 
McCown,  Lowell  E. 

McLeod,  John  F. 

Meloney,  John 
Mood,  Douglas  A. 

Morse,  Robert  F. 

Moss,  Richard  D. 

Murdock ,  Roy  H . 
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Murphy,  Terry 
Murphy,  William 
Murray,  Dr.  Robert 
Olson,  Donald  L. 

Park,  Dr.  Nelson  A. 
Peterson,  Dr.  W.  C. 
Reichman,  Louis 
Rice,  Dr.  Herman 
Robie,  Carl 
Roth,  Herbert 
Rowe,  Dr.  William  E. 
Russell,  Betty 
Rygwalski,  Eugene 
Salisgury,  Dr.  Frank  B. 
Sanders,  Rayford  R. 

Sayer,  Dr.  Gordon  C. 
Scegner,  Dr.  James 
Schneider,  Dr.  Richard  V. 
Scott,  Thomas  J. 

Seamands,  Robert  E. 

Seff,  Dr.  Philip 
Sipprell,  James 
Smith,  Eugene  P. 

Sorensen,  Arthur 
Stokesberry,  John  L. 
Strand,  Lt.  Col.  Howard  C. 
Stringfield,  Leonard  H. 
Stroud,  Walter  J. 

Sutton,  Charles  M. 

Swann,  Dr.  A.  Henry 


Tull,  Clancy  D. 
Utke,  Dr.  Allen  R. 
Wambaugh,  Helen  A. 


Webb,  Walter  N. 
Williams,  Roy  P. 
Worstell,  Paula 
Zechman,  Richard  W. 
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APPENDIX  J:  EARLY  WARNING  REPORT  FORM 


Date 

Time  Zone 

Place 

Classification 

Duration 

Direction  disappeared 

#  Visual  observers 

Radar? 

#  Objects 

Size 

Shape 

Color 

Distance 

Motion 

Other  features 

Weather 

Known  traffic 


Observer  --  Name 

Age 

Address 

Phone 

Occupation 

Reporter  --  N<  *  _ 

A  .JxtfjS _ 

Phone _  Occupation _ 

Receiver  -- _ Date _  Time _ 

Please  fill  in  all  possible  blanks  with  relevant  information. 

Use  the  back  of  this  sheet  for  a  running  description  of  the  event. 
DRS  --  6/6/67  (Rev) 
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APPENDIX  K:  FIELD  KIT  INVENTORY  LIST 

1 .  INSTRUMENTS  AND  MISCELLANEOUS 


a.  Camera  (diffraction  grating,  filters,  operating  instructions 
if  necessary,  and  film) 

b.  Movie  Camera 

c.  Binoculars 

d.  Geiger  Counter 

e.  Flashlight 

f. .  Compass 

g.  Magnifying  Glass 

h .  Sample  Containers 

i.  Tape  Recorder  (Tapes) 

j .  Tape  Measure 

k.  Plaster  Casting  Material 

l .  Pocket  Spectroscope 

m.  Geologist's  Kit 

n.  String 

o.  Star  Finder 

p.  Nautical  Almanac 

q.  Elevation  Indicator 

r.  Arc  Indicator  (Size  ) 

s.  Police  Radiomonitor 

2.  PAPER 

a.  Notebook  and  Address  Book  (Contacts) 

b.  Identification  Card 

c.  Copy  of  Contract 

d .  Orders 

e.  Letter  of  Authorization 

f.  Maps  (of  specific  areas) 

g.  Road  Atlas 

h.  Auto  Sun-visor  Identification  Card 

i.  Sighting  Report  Forms/ Interview  Forms 

j.  Copies  of  80-17A,  80-17 

k.  Tax  Exempt  Certificates 

3 .  PERSONAL 


a.  Boots 

b.  Warm  Clothing  if  necessary 

c.  Air  Tickets  (or  others) 

d.  Money  or  Traveler's  Checks 

e.  Credit  Cards 

f.  Briefcase 

NOTE:  Carry  essentials  on  person  -  airline  luggage  can  be  delayed. 
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APPENDIX  L:  WEATHER  CONDITIONS  AND  RADAR  ECHOES 
NEAR  WASHINGTON,  D.C.,  AND  NORFOLK,  VA. , 

ON  19-20  AND  26-27  JULY  1952 


Phone  (303)  7*2-8665  or  756-3971 
2422  South  Downing  Street 
Denver.  Colorado  80210 

April  1,  1968 


Jor.n  W.  Cro 


w 


CERTIFIED 

CONSULTING  METEOROLOGIST 


The  following  is  a  summary  of  weather  conditions  surrounding  UFO  visual 
sightings  and  co-incident  radar  echoes  near  Washington,  D.C.  and  Norfolk, 
Virginia  on  the  nights  of  July  19-20,  1952,  and  July  26-27,  1952. 

SOURCES  OF  DATA 

Radiosonde  and  wind  data  from  - 

Washington,  D.C.,  Norfolk,  Virginia,  and  Richmond,  Virginia 

Surface  weather  observations  surrounding  the  times  of  jlghtlnga  from  - 

Washington  National  Airport 
Bolling  AFB 
Andrews  AFB 
Norfolk,  Virginia 
Newport  News,  Virginia 
Langley  AFB 

GENERAL  WEATHER  SITUATION 

The  general  weather  situation  during  both  nights  was  "hot  and  muggy." 
Maxima  temperatures  of  the  previous  day,  the  minima  and  maxima  on  the 
following  day  were: 


19  th 

20  th 

26th 

27  th 

max. 

min.  -maxc 

max. 

min.  -mux. 

Washington 

93® 

76°  90° 

90® 

75°  94° 

Norfolk 

98° 

78 0  95° 

89° 

72°  98° 

On  the  night  of  the  19-20  a  large,  flat  high-pressure  area  of  1020  millibars 

was  located  over  the  Middle  Mississippi  Valley  and  a  very  minor 

trough  existed  off  the  east  coa3t.  There  were  no  fronts  in  the  immediate 


| 
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tru  of  either  Washington  or  Norfolk.  The  general  flow  of  air  was  from 
vast  to  east. 

On  the  night  of  the  26-27,  both  Washington  and  Norfolk  were  near  the 
center  of  a  flat  high-presaure  wedge  extending  from  Texas  to  several 
hundred  miles  east  of  New  York  City.  A  light  drift  from  south  to  north 
characterized  the  air  flow  outward  from  the  central  portion  of  the 
wedge.  Again,  there  were  no  fronts  in  the  Immediate  area  of  either  station. 

THE  INCIDENCE  OF  SCATTERED  CLOUDS 

It  would  have  been  possible  for  observers  on  the  ground  to  have  seen 
small  clouds  at  both  low  and  middle  heights  at  various  times  during  each 
of  the  two  nights.  Some  cloud  cover  -  mostly  scattered  clouds  -  was 
recorded  by  nearly  all  the  observing  stations  where  traip®d  observers 
were  on  duty.  A  summary  of  cloud  cover  conditions  is  as  follous: 

a.  At  Washington  on  the  night  of  July  19-20. 

At  9:30  P.H.  the  observer  mentioned  a  few  altocumulus  at  8,000 
feet.  These  altocumulus  were  not  mentioned  in  subsequent -reports 
until  0454  A.M.  on  the  morning  of  the  20th  when  again  in  the 
remarks  column  a  few  altocumulus  were  mentioned.  The  hourly 
summary  indicates  a  height  of  these  clouds  observed  near  sunrise 
at  18,000  feet  and  movement  of  the  cloud  from  the  northwest.  The 
observer  at  Bolling  AFB,  just  across  the  river  from  Washington 
National  Airport,  recorded  various  quantities  of  middle  cloud 
estimated  at  12,000  and  15,000  feet  during  the  early  part  of  the 
night  before  10:30  P.M.  No  such  clouds  were  reported  between 
10:30  P.M.  r.nd  3:30  A.M.  At  4:30  A.M.  the  observer  on  duty  at 
Bolling  AFB  reported  scattered  clouds  at  14,000  feet  and  a  few 
cumulus  clouds  at  5,000  feet.  Observers  at  both  Washington 
National  Airport  and  Bolling  AFB  reported  various  amounts  of 
cirrus  clouds  at  25,000  feet. 


No  low  or  middle  clouds  wars  being  reported  during  the  darker 
portion  of  the  night.  It  is  not  uncoamon  that  observations 
made  by  trained  observers  during  brief  trips  outdoors  from  a 
lighted  room  to  view  a  darkened  sky  fall  to  report  scattered 
cloud  conditions*  Another  observer  who  has  remained  outside  long 
enough  for  hia  oyes  to  adjust  to  darkened  conditions  can  often 
eee  some  scattered  clouds.  Conditions  of  cloudiness  on  this  night 
would  let  some  scattered  clouds  form  and  dissipate  in  a  reasonably 
short  period  of  time  in  any  one  portion  of  the  sky. 

There  may  have  been  a  few  clouds 
visible  to  ground  observer a  in  the  Washington  area  although 
they  were  not  being  reported  by  the  official  observing  stations. 
Both  the  19-20  and  26-27  nights  occurred  during  the  darker  portion 
of  the  month  since  c  full  moon  In  July,  1952,  occurred  on  July  7. 
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At  Norfolk  on  the  night  of  July  19-20 


The  scattered  conditions  at  4,000  feet  and  varying  quantities  of 
cloud  at  approximately  12,000  feet  would  have  made  it  possible 
for  a  few  scattered  clouds  to  have  been  seen  on  an  intermittent 
basis  at  various  times  during  the  night. 

b.  At  Washington  the  night  of  July  26-27. 

Clear  conditions  prevailed  throughout  most  of  the  night  but 
when  daylight  began  to  arrive  between  4:00  and  5:00  A.M. ,  cloudi¬ 
ness  was  reported  as  a  few  stratocumulus  at  2,000  feet  and  some 
thin  scattered  cirrus  at  25,000  feet.  It  would  have  been 
possible  for  some  clouds  to  have  been  visible  in  the  area  during 
the  darker  portion  of  the  night  if  an  observer  permitted  his 
eyes  to  adjust  to  the  darkness. 


At  Norfolk  the  night  of  July  26-27, 

The  cloud  conditions  in  the  Norfolk  area  varied  considerably 
between  the  Norfolk  Municipal  Airport  and  the  observations  made 
at  Langley  AFB  several  miles  north  of  there.  Langley  reported 
tilear  conditions  while  broken  or  overcast  cloudiness  was  being 
reported  near  5,000  feet  at  the  Norfolk  Municipal  Airport. 

There  would  have  been  a  marginal  area  of  dissi¬ 
pating  cloud  cover  somewhere  between  Norfolk  Municipal  Airport 
and  Langley  AFB.  Thu?,  multiple  observers  could  have  had  a  wide 
variety  of  possible  cloud  sightings. 

TEMPERATURE,  MOISTURE  AND  WIND  PROFILES 

The  conditions  of  the  atmosphere  were  capable  of  generating  onomolous 
propagation  on  weather  radar  displays  on  both  nights.  In  Battan's  book 
on  RADAR  METEOROLOGY,  published  in  1959,  page  21,  is  found  the  lollowing: 

"Nocturnal  radiation,  which  occurs  on  clear  nights,  especially  in 
the  summer  when  the  ground  is  moist,  leads  to  a  temperature  inversion 
at  the  ground  and  c  sharp  decrease  in  moisture  with  height.  It  is 
found  that  these  conditions  frequently  produce  abnormal  propagation, 
which  becomes  more  pronounced  aa  the  temperature  and  humidity  lapse 

rates  become  larger . These  conditions  which  favor  ducts  at 

the  ground  occur  most  frequently  over  large  land  areas  in  the  summer 
and  can  be  thought  of  as  situations  of  ‘radiative  superrefraction 1 '  . 

More  recent  studies  of  anomolous  propagation  on  radar  have  been  m-de  at 
Texas  A  &  M.  They  have  further  confirmed  the  appearance  of  radar  echoes 
during  night  and  curly  morning  hours  under  clear  sky  conditions  when  low 
level  inversions  and  fluctuating]  Quantities  of  moisture  ch  .r.tyU-ri.:ftj  the 
surrounding  atmosphere. 
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In  Figures  1-4,  profiles  of  temperature  and  de\*  point,  plus  wind  direction 
and  velocity,  are  presented.  In  most  instances  the  vertical  profiles 
near  the  around  would  have  had  several  degrees  variation  in  rnd  around 
each  of  the  two  stations  where  the  radars  were  located.  Using  surface 
temperatures  at  the  several  airports  and  the  actual  radar  sights,  there 
would  have  been  variations  of  from  3-5°F.  in  the  first  few  hundred  feet. 
Relatively  small  change  in  the  vertical  profiles  would  have  occurred 
during  the  night  at  elevations  greater  than  2,500  feet.  Respective 
percentages  of  relative  humidity  are  recorded  next  to  the  moisture  profile. 
The  dashed  Unas  report  observations  made  at  10:00  P.M.  The  solid  lines 
report  values  at  10:00  A.M.  the  following  morning.  The  profiles  would  have 
changed  gradually  during  the  night-time  hours  but  would  have  remained 
somewhere  between  thcae  two  soundings.  The  greatest  variability  in  the 
local  area  would  have  been  in  the  lowest  few  hundred  feet.  Near  the 
surface,  indications  for  4:00  A.M.  were  made  from  surface  observations. 

Of  soma  importance  is  the  fact  that  rain  showers  were  reported  in  the 
Washington  area  during  late  afternoon  on  the  19th  of  July.  Amounts 
reported  at  the  three  stations  in  the  Washington  area  ranged  from  .10 
through  .13.  This  would  have  wet  the  ground  and  furnished  a  variable 
moisture  source  in  different  portions  of  the  surrounding  country  side. 

SUMMARY 

It  is  the  author's  opinion  that  hot,  humid  air  prevailed  on  both  nights 
in  both  Washington  and  Norfolk.  The  general  weather  would  have  bean 
considered  fair  weather  by  the  trained  observers  at  the  various  airports 
and  they  may  not  have  reported  all  the  scattered  clouds  which  actually 
existed.  '  It  would  have  been  considered  an  "easy  shift".  Visibilities 
remained  above  six  miles  at  all  times.  The  horizontal  movement  of 
scattered  clouds,  plus  formation  and  dissipation  of  some  few  lew  clouds, 
both  could  have  been  seen  at  various  times  by  ground  observers  whose  eyes 
were  well  adjusted  to  the  darkened  sky.  Anomolous  propagation  could  have 
been  observed  on  weather  radar  units  during  both  nights  at  both  locations. 
The  echoe*  due  to  anomolous  propagation  would  have  had  horizontal  motion 
similar  to  the  clouds. 


LOREN  W.  CROW 
Certified  Consulting 
Meteorologist 


2200 
20th  0400 


Profiles  of  Temperature ,  Dew  Point,  Relative  Humidity,  Wind  Direction  and  Velocity  related 
to  UFO  sightings  during  the  night  of  July  19-20,  1952  near  Washington,  D.  C. 
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Fig.  2  Profiles  of  Temperature,  Dew  Point,  Relative  Humidity,  Wind  Direction  and  Velocity  related 
to  UFO  sightings  during  the  night  of  July  19-20,  1952,  near  Norfolk,  Virginia. 
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Profiles  of  Temperature,  Dew  Point,  Relative  Humidity,  Wind  Direction  and  Velocity  related 
to  UFO  sightings  during  the  night  of  July  26-27,  1952,  near  Norfolk,  Virginia. 


APPENDIX  M:  SOURCES  OF  COLLEGE  SURVEY  DATA  AND 
PERSONS  INSTRUMENTAL  IN  OBTAINING  DATA 


Institutions 


Data  Resource  Persons 


Arizona  State  University 
Bemidji  State  College 
Carleton  College 

University  of  California 
at  Davis 

University  of  California 
at  Irvine 

University  of  Colorado 

University  of  Montana 
Northwestern  University 
University  of  Utah 
Wesleyan  University 


Professor  John  W.  Reich 

Professor  Kathryn  Bradfield 

Professor  William  R.  Kirtner 
Professor  R.  Thomas  Rosin 

Professor  Dennis  Livingston 
Professor  Paul  Holier 

Professor  Arnold  Binder 

Professor  Neil  G.  Fahrion 
Professor  Joshua  Gerow 
Professor  Robert  Rogers 

Mr.  Victor  Joe 
Professor  John  Means 

Professor  John  I.  Kitsuse 
Mr.  Herbert  Strentz 

Professor  Donna  M.  Gelfand 
Professor  Donald  P.  Hartman 

Professor  Thornton  Page 
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APPENDIX  N:  UFO  OPINION  QUESTIONNAIRE 

The  following  statements  all  have  to  do  with  Unidentified  Flying  Objects  --  often 
called  "U-F-O's."  One  type  of  U-F-0  is  a  "flying  saucer."  The  statements  are  idea', 
or  opinions,  not  necessarily  facts  —  so  people  differ  in  the  degree  to  which  they 
believe  them  to  be  true  or  false. 


For  each  of  the  statements  shown  below,  please  indicate  the  degree  to  which  you  fee 
the  statement  to  be  either  true  or  false: 


1.  Definitely  false  means  that  you  arc  fully  convinced  the  statement  is 
false,  and  you  would  act  without  hesitation  on  this  belief.  You  would 
question  the  wisdom  of  anyone  who  disagreed  with  you. 

2.  Probably  false  means  that  you  are  not  sure  whether  the  statement  is 
true  or  false,  but  that  if  you  had  to  act  on  it,  you  would  regard  the 
statement  as  more  likely  false  than  true.  Your  opinion  might  be  changed 
by  discussion  with  another  person. 

3.  Probably  true  means  that  you  are  not  sure  whether  the  statement  is  true 
or  false,  but  that  if  you  had  to  act  on  it,  you  would  regard  the  state¬ 
ment  as  more  likely  true  than  false.  Your  opinion  might  be  changed  by 
discussion  with  another  person. 

4.  Definitely  true  means  that  you  are  fully  convinced  that  the  statement  is 
true,  and  you  would  act  without  hesitation  on  this  belief.  You  would 
question  the  wisdom  of  anyone  who  disagreed  with  you. 


To  indicate  your  belief,  place  an  X  in  the  appropriate  box  next  to  the  item.  Do  no  , 
skip  any  item. 


1.  Some  flying  saucers  have  tried  to 
communicate  with  us. 

2.  All  UFO  reports  can  be  explained 
cither  as  well  understood  happen¬ 
ings  or  as  hoaxes. 

3.  The  Air  Force  is  ioing  an  adequate 
job  of  investigation  of  UFO  re¬ 
ports  and  UFOs  generally. 

4  .  I.o  actual ,  physical  evidence  has 
ever  been  obtained  from  a  UFO. 

‘j.  A  government  agency  maintains  a 
Top  Secret  file  of  UFO  reports 
that  are  deliberately  withheld  from 
the  public. 


Definitely 

False 

Probably 

False 

Probably 

True 

Defini  ely 
Tn.  . 

_ 
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6.  No  airline  pilots  have  seen  UFOs. 

7.  Most  people  would  not  report  seeing 
a  UFO  for  fear  of  losing  a  job. 

8.  No  authentic  photographs  have  ever 
been  taken  of  UFOs. 

9.  Persons  who  believe  they  have  com¬ 
municated  with  visitors  from  outer 
space  are  mentally  ill. 

10.  The  Air  Force  has  been  told  to  ex¬ 
plain  all  UFO  sightings  reported  to 
them  as  natural  or  man-made  happen¬ 
ings  or  events. 

11.  Earth  has  been  visited  at  least  once 
ir.  its  history  by  beings  from  another 
world. 

12.  The  government  should  spend  more  money 
than  it  does  now  to  study  what  UFOs 
are  and  where  they  come  from. 

13.  Intelligent  forms  of  life  cannot 
exist  elsewhere  in  the  universe. 

14.  Flying  saucers  can  be  explained 
scientifically  without  any  impor¬ 
tant  new  discoveries. 

15.  Some  UFOs  have  landed  and  left  marks 
in  the  ground. 

16.  Most  UFOs  are  due  to  stu-jt  defense 
projects,  either  ours  or  another 
country's. 

iy.  UFOs  are  reported  throughout  the 
world. 

18.  Tin-  government  has  done  a  good  job 
of  examining  UFO  reports. 

19.  There  have  never  been  any  UFO  sight¬ 
ings  in  Soviet  Russia. 

20.  People  want  to  believe  that  life  exists 
elsewhere  than  on  Earth. 

21.  There  have  been  good  radar  reports  of 
UFOs. 


Definitely 

False 

Probably 

False 

Probably 

True 

i 

Do fire  Lely 

Tn  e 

-  -  1 

! 

1 

1 

; 

! 

1 

1 

I 

1 

l 

! 

* 

l 

l 

1 

1 

1 

1 

1 

! 

1 

i 

1 

i 

: 

1 _ 

1 

1347 


De finitely 
False 

Probably 

False 

Probabi y 
True 

Defit  :.-l\ 

•I  r 

22. 

There  is  no  government  secrecy 
about  UFOs. 

1 

! 

23. 

People  have  seen  space  ships  that 
did  not  come  from  this  planet. 

1 

1 

1 

24. 

Some  UFO  reports  have  come  from 
astronomers. 

j 

j 

! 

25. 

Even  the  most  unusual  UFO  report 
could  be  explained  by  the  laws  of 
science  if  we  knew  enough  science. 

1 

1 

26. 

People  who  do  not  believe  in 
flying  saucers  must  be  stupid. 

) 

1 

27. 

UFO  reports  have  not  been  taken 
seriously  by  any  government 
agency . 

1 

1 

1 

1 

28. 

Government  secrecy  about  UFOs  is 
an  idea  made  up  by  the  newspapers. 

I 

29. 

Science  has  established  that  there 
are  such  things  as  "Unidentified 

Flying  Objects." 

1 
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APPENDIX  0:  A-B  SCALE 

This  scale  is  an  abridgment  of  Rotter's  I-E  Scale  (Rotter,  1966),  which 
measures  the  tendency  of  the  individual  to  perceive  events  as  contingent 
on  his  own  behavior  or  independent  of  it  (i.e.,  contingent  upon  forces 
external  to  him) . 

Here  are  six  sets  of  statements.  For  each  set  please  tell  me 
which  comes  closer  to  being  true,  in  your  opinion.  There  are 
no  right  or  wrong  answers  --  just  pick  one  statement  in  each 
set  that  comes  closest  to  how  you  feel. 

A.  First  -- 

Without  the  right  breaks  one  cannot  be  an  effective  lerder.  1 

-  or  that  - 

Capable  people  who  fail  to  become  leaders  have  not  taken 
advantage  of  their  opportunities.  2 

B.  Next,  which  comes  closest  to  your  opinion  - 

Becoming  a  success  is  a  matter  of  hard  work,  luck  has 
little  or  nothing  to  do  with  it.  1 

-  or  that  - 

Getting  a  good  job  depends  mainly  on  being  in  the  right 
place  at  the  right  time.  2 

C.  Which  comes  closest  to  your  opinion  - 

Who  gets  to  be  the  boss  often  depends  on  who  was  lucky 
enough  to  be  in  the  right  place  first.  1 

-  or  that  - 

Getting  people  to  do  the  right  thing  depends  upon  abi  lity, 
luck  has  little  or  nothing  to  do  with  it.  2 

D.  Which  comes  closest  to  your  opinion  - 

As  far  as  world  affairs  are  concerned,  most  of  us  are 
victim  of  forces  we  can  neither  understand  nor  control.  1 

-  or  that  - 

By  taking  an  activepart  in  politic  al  and  social  affairs 
the  people  can  control  world  events.  2 
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A-B  SCALE  (cont'd) 


E.  Next, 

Most  people  don't  realize  the  extent  to  which  their 

lives  are  controlled  by  accidental  happenings.  1 

-  or  that  - 

There  really  is  no  such  thing  as  "luck."  2 

F.  Finally, 

Many  times  I  feel  that  I  have  little  influence  over 

things  that  happen  to  me.  1 

-  or  that  - 

It  is  impossible  for  me  to  believe  that  change  or 

luck  plays  an  important  role  in  my  life.  2 


INSTRUCTIONS  FOR  THE  A-B  SCALE 


Each  item  consists  of  a  pair  of  statements  lettered  a  or  b.  For  each 
set,  circle  the  letter  which  stands  for  the  one  which  comes  closer  to  being  true, 
in  your  opinion.  There  are  no  right  or  wrong  answers  --  just  pick  one  statement 
in  each  set  that  comes  closest  to  how  you  feel. 


a  b 


a  b 


1.  a)  Children  get  into  tiouble  because  their  parents  punish  them 

too  much. 

b)  The  trouble  with  most  children  nowadays  is  that  their  parents 
are  too  easy  with  them. 

2.  a)  In  the  long  run  people  get  the  respect  they  deserve  In  this  world, 
b)  Unfortunately,  an  individual's  worth  often  passes  unrecognized 

no  matter  how  hard  he  tries. 


a  b 


a  b 


3.  a)  Without  the  right  breaks  one  cannot  be  an  effective  leader, 
b)  Capable  people  who  fail  to  become  leaders  have  not  taken 

advantage  of  their  opportunities. 

4.  a)  Becoming  a  success  is  a  matter  of  hard  work,  luck  has  little 

or  nothing  to  do  with  it. 

b)  Getting  a  good  job  depends  mainly  on  being  in  the  right  place 
at  the  right  time. 


a  b 


a  b 


5.  a)  When  I  make  plans,  I  am  almost  certain  that  I  can  make  them 

work. 

b)  It  is  net  always  wise  to  plan  too  far  ahead  because  many  things 
turn  out  to  be  a  matter  of  good  or  bad  fortune  anyhow. 

6.  a)  In  my  case  getting  what  I  want  has  little  or  nothing  to  do  with 

luck. 

b)  Many  times  we  might  just  as  well  decide  what  to  do  by  flipping 
a  coin. 


a  b 


a  b 


7.  a)  Who  gets  to  be  the  boss  often  depends  on  who  was  lucky  enough 

to  be  in  the  right  place  first. 

b)  Getting  people  to  do  the  right  thing  depends  upon  ability,  luck 
has  little  or  nothing  to  do  with  it. 

8.  a)  As  far  as  world  affairs  are  concerned,  most  of  us  are  the 

victims  of  forces  we  can  neither  understand,  nor  control, 
b)  By  taking  an  active  part  in  political  and  social  affairs  the 
people  can  control  world  events. 
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a  b  9.  a)  Most  people  don't  re  uiz.,  the  extent  to  which  their  lives  are 

controlled  by  accidental  happenings, 
b)  ^here  really  is  no  such  thing  as  "luck.  " 


a  b  10.  a)  It  is  hard  to  know  whether  or  not  a  person  really  likes  you. 

b)  How  many  friends  you  have  depends  upon  how  nice  a  person 
you  are. 


a  b  11.  a)  A  good  leader  expects  people  to  decide  for  themselves  what 
they  should  dc. 

b)  A  good  leader  makes  it  clear  to  everybody  what  their  jobs  are. 


a  b  12.  a)  Many  times  I  feel  that  I  have  little  influence  over  the  things 
that  happen  to  me. 

b)  It  is  impossible  for  me  to  believe  that  chance  or  luck  plays  an 
important  role  in  my  life. 
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APPENDIX  P:  CURRENT  EVENTS  QUESTIONNAIRE 


OPINIONS  ON  CURRENT  ISSUES 

For  each  of  the  statements  shown  below,  please  indicated  whether  you  feel  ihe 
statement  is:  Definitely  True.  Probably  True,  Probably  False,  or  Definitely 
False. 


VIET  NAM 


1.  The  TJ.  S.  should  intensify  bombing 
in  Viet  Nam. 


2.  The  U.  S.  Government  should 
work  harder  toward  peace  nego¬ 
tiations  in  Viet  Nam. 


3.  More  troops  should  be  sent  to 
Viet  Nam. 


4.  The  United  States  should  get  out 
of  Viet  Nam. 


WAR  ON  POVERTY 

1.  The  War  on  Poverty  is  necessary 
to  help  the  poor  become  self- 
sufficient. 


2.  Too  much  money  is  going  into 
government  programs  to  fight 
poverty. 


3.  Poor  people  should  help  them¬ 
selves,  instead  of  relying  on  the 
Government  for  help. 


4.  The  problems  of  the  poor  and 
uneducated  is  properly  a  major 
concern  of  the  Federal  Govern¬ 
ment. 


KENNEDY  ASSASSINATION 

1.  Kennedy  was  shot  by  a  man  who 
was  not  a  part  of  any  conspiracy 
to  kill  the  President. 


2.  Lee  Harvey  Oswald  was  a 

member  of,  or  was  used  by,  a 
secret  group  who  wanted  Kennedy 
dead. 


Definitely 

False 

Probably 

False 

Probably 

True 

Definitely 

True 

% 

1353 


3.  The  Warren  Report's  conclusion 
that  Oswald,  alone  and  without 
help,  assassinated  Kennedy  is 
correct. 

4.  Either  a  foreign  government  or  a 
secret  branch  of  the  U.  S. 
Government  was  responsible  for 
the  Kennedy  assassination. 

RACE  PROBLEMS 

1.  The  Communists  have  stirred  up 
Ne.jroes  and  poor  whites. 

2.  Society,  as  a  whole,  is  respons¬ 
ible  for  the  current  racial 
tensions. 

3.  Racial  discrimination  .s  pri¬ 
marily  to  blame  for  the  summer 
riots. 

4.  The  minority  groups  want  to 
move  too  fast. 


Definitely 

False 

Probably 

False 

Probably 

True 

Definitely 

Ttue 

* 
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APPENDIX  Q:  WEATHER  CONDITIONS  IN  THE  AREA  BETWEEN 
DALLAS  AND  MINERAL  WELLS,  TEXAS,  19  SEPTEMBER  195? 


Jor.n  W  C, 


row 


CERTIFIED 

CONSULTING  METEOROLOGIST 


Phene  (301)  86f>‘  cl  /Sfc  1971 

,'4.V  South  Pt<»nuu| 

Denver,  Colorado  80.10 

June  10,  l9ot? 


The  following  is  a  summary  of  weather  conditions  to  determine  whether 
or  not  the  atmosphere  was  favorable  to  producing  optical  mireges  and 
anomalous  radar  propagation  for  an  area  from  50  miles  east  of  Dallas 
to  Mineral  Wells,  Texas,  during  the  time  period  from  2:00  a.M.  to  3:00  A.M. , 
Central  Standard  Time,  September  19,  1957,  for  an  aircraft  flying  in  that 
region  at  elevations  between  10,000  to  30,000  feet. 

SOURCES  OP  DATA 

Radiosonde  and  wind  data  from  - 
Carswell  AFB  at  Fort  Worth 

Surface  weather  observations  surrounding  the  time  of  UFO  sightings  from  - 

Love  Field  -  Dallas,  Naval  Air  Station  -  Dallas,  Carter  Field  - 
Fort  Worth,  Mineral  Wells,  Tyler,  College  Station,  Perrin  \FK, 
Connolly  AFB,  Gray  AFB. 

A  special  study  - 

"On  the  Effects  of  Atmospheric  Refraction  on  Radar  around 
Patterns* by  the  Department  of  Oceonography  and  Meteorology, 

Texas  A  &  M  University,  19o3. 

National  Bureau  of  Standards  Monograph  92  - 

'Radio  Meteorology",  U.S.  Department  of  Commerce,  196B. 

GENERAL  WEATHER  SITUATION 

The  weather  which  prevailed  in  the  entire  northeast  part  of  Texas  during 
the  early  morning  hours  of  September  19,  1957,  consisted  of  a  stable  air 
mass  with  clear  conditions.  Air  movement  ne.tr  the  surface  vis  front  the 
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southeast  at  all  stations.  Table  I  on  the  following  page  presents  the 
actual  condition  for  celling; visibility ,  temperature,  dew  point,  wind 
direction  and  velocity  at  the  surface  for  several  surrounding  stations. 

Figure  1  presents  the  conditions  at  2:00  A.M.  for  these  same  stations  and 
is  representative  of  conditions  that  continued  beyond  3:00  A.M. 

VERTICAL  PROFILE  OF  TEMPERATURE,  HUMIDITY  AND  WIND 

The  vertical  soundingsof  the  atmosphere  made  about  three  hours  before  the 
UFO  sightings  and  an  equal  time  following  gives  the  vertical  profile  of 
atmospheric  conditions  in  the  lnmediate  vicinity  of  the  sightings.  The 
radiosondes  were  released  at  11:30  P.M.  and  5:30  A.M.  respectively  from 
Carswell  AFB  which  is  near  Fort  Worth,  Texas. 

Probably  the  most  significant  portion  of  the  profile  is  the  very  rapid 
decrease  in  moisture  content  at  a  level  between  6000  feet  and  7000  feet. 
Temperatures  increased  with  height  in  this  same  layer.  Beneath  this 
inversion  layer  the  wind  direction  changed  from  southerly  in  the  lower 
part  of  the  atmosphere  to  a  westerly  and  northerly  direction  at  approximately 
6000  feet.  Wind  velocities  increased  during  the  night  in  the  layer  between 
2000  feet  and  5000  feet.  Figure  2  presents  this  pattern  for  the  two 
different  soundings. 

EFFECTS  OF  TEMPERATURE  AND  HUMIDITY  ON  REFRACTIVE  INDEX 

If  a  radio  ray  (including  radar)  is  propagated  in  free  space,  where  there 
is  no  atmosphere,  the  path  followed  by  the  ray  is  a  straight  line. 

However,  a  ray  that  is  propagated  through  the  earth's  atmosphere  encounters 
variations  in  the  atmospheric  refractive  index  along  its  trajectory  that 
caused  the  ray  path  to  become  curved.  The  total  angular  refraction  of 
the  ray  path  between  two  points  is  commonly  called  the  "bending"  of  the 
ray.  This  ’bending"  is  strongly  influenced  by  rapid  changes  in  refractive 
index  within  the  atmosphere  and  such  rapid  changing  in  refractive  index 
is  caused  by  rapid  changes  in  the  moisture  in  the  air.  The  typical 
tempetature  inversion  permits  the  temperature  to  increase  over  a  farily 
short  increase  in  height,  while  at  the  same  time  the  amount  of  moisture 
decreases  rapidly.  Experimental  work  has  developed  relationships  between 
the  moisture  content  and  the  refractive  index  so  that  data  obtained  in 
the  vertical  sounding  of  temperature  and  humidity  from  a  radiosonde  can  be 
converted  to  corresponding  values  of  refractive  index.  Figure  3  presents 
the  profile  of  refractive  index  that  directly  corresponds  with  the  vertical 
temperature  and  humidity  profile  in  Figure  2. 

Ir.  Figure  3  a  critical  gradient  line  is  drawn  for  change  in  refractive 
index  with  height.  Later  discussion  will  indicate  the  importance  of  this 
critical  gradient. 

STANDARD  ATMOSPHERE  VERSUS  ACTUAL  ATMOSPHERE 

When  only  a  standard  atmosphere  is  considered  the  change  in  temperature 
and  humidity  with  height  is  quite  gradual  and  there  are  no  sharp  changes 
due  to  rapid  decreases  in  humidity.  Figure  4  gives  the  typical  profiles 
for  a  standard  atmospheric  profile  in  the  top  part  of  the  figure.  The 
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Table  I.  Hourly  Weather  Conditions  Observed  Early  Morning  Hours, 
September  19,  1957 


2:00  A.M. 


Wind 

Temper-  Direction  & 


Celling 

Visibility 

ature 

Dew  Point 

Velocity 

Perrin  AFB 

clear 

15  miles 

72°f 

66°F 

SE  9 

Mineral  Wells 

clear 

25 

72 

66 

SE  9 

Ft.  Worth 

clear 

15+ 

72 

66 

SE  10 

Naval  Air  Station 

clear 

15 

75 

63 

SE  16 

Love  Field-Dallas 

clear 

15 

74 

68 

SE  10 

Tyler 

clear 

12 

70 

67 

SE  5 

Connally  AFB 

clear 

15 

73 

67 

SSE  3 

Gray  AFB 

clear 

15 

73 

67 

SE  4 

3:00  A.M. 

Perrin  AFB 

clear 

15 

71 

66 

SE  9 

Mineral  Wells 

clear 

25 

71 

66 

SE  10 

Ft.  Worth 

clear 

15+ 

72 

67 

SE  9 

Naval  Air  Station 

clear 

15 

75 

69 

SE  14 

Love  Field-Dallas 

clear 

15 

73 

67 

SE  10 

Tyler 

clear 

12 

70 

66 

SE  5 

Connally  AFB 

clear 

15 

72 

67 

SSE  3 

Gray  AFB 

clear 

15 

72 

64 

SSE  6 
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MILES 


Pig.  A  Multipit  Rt  ports  of  Surf  act  Wind,  Temperature  and  Dew 
Point  as  Observed  by  Trained  Weather  Observers  at 
2:00  a. a. ,  September  19,  19S7. 
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Pig.  3  Refractivity  profiles  at  Ft.  Worth,  Texas,  Carswell  AFB,  11:30  p.a. 
September  18  and  S:30  a.m.,  September  19,  19S7.  Note  critical 
gradient  of  N  for  microwave  ducting  in  the  vicinity  of  6000  feet 
to  7000  feet  altitude. 
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Fig.  4  Typical  refractive  index  (N)  profiles  and  30unding 
curves  for  three  refractive  index  nodels.  Solid 
curves  on  the  right  are  for  teaperature--dashed  curves 
for  dew  point  temperature. 
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middle  porclon  and  Che  lower  portion  of  Figure  4  Indicate  the  correspond¬ 
ing  effect  on  the  change  in  refractive  index  with  height  as  inversions 
are  observed  near  the  surface  and  at  some  elevated  layer.  In  both  of 
the  non-standard  patterns  the  gradient  of  N  Is  somewhat  greater  than  the 
critical  value  capable  of  producing  ducting  of  microwave  energy. 

EXTRAORDINARY  RADAR  ECHOES 

Of  special  Importance  in  this  investigation  was  some  research  work  done 
at  Texas  A  &  M  using  their  3.2-Cm.  AN/CPS-9  weather  radar.  The  report, 
prepared  by  L.  B.  Cobb  and  V.  E.  Moyer,  covers  research  carried  out  in 
1962  and  1963,  supported  by  National  Science  Foundation  Grant  NSF  G-13834. 
This  study  was  particularly  interested  in  abnormal  PPI  presentations  of 
radar  echoes  that  occurred  during  clear  weather. 

The  effect  of  atmospheric  refraction  on  microwave  propagation  in  the  lower 
troposphere  is  a  problem  with  which  radio  engineers  and  radio  meteor¬ 
ologists  have  been  vitally  concerned  since  World  War  II.  Prior  to  that 
time,  the  speed  of  propagation  of  electromagnetic  energy  had  been  consid¬ 
ered  to  be  a  constant,  that  of  the  speed  of  light  in  a  vacuum.  As  radar, 
missiles,  an!  other  radio-controlled  equipment  were  developed  and  became 
more  complex,  evidence  of  small  changes  in  the  speed  of  propagation  due 
to  atmospheric  conditions  began  to  mount.  These  small  changes  in  speed 
are  very  important  as  they  cause  refraction,  or  a  change  in  the  direction 
of  propagation,  of  the  electromagnetic  energy.  Radar  trapping,  errors 
in  the  positioning  of  targets,  the  radio  hole,  fading  of  radio  signals, 
and  "anomalous"  echoes  on  weather  radar  scopes  are  some  of  the  problems 
encountered.  Any  observer  who  makes  critical  deductions  based  on  radar 
observations  may  be  tricked  into  bad  decidions  unless  he  is  familiar  with 
the  limitations  of  the  equipment  under  nonstandard  atmospheric  conditions. 
Radar  echoes  of  unknown  origin  near  a  vertical  beam  above  the  earth's 
surface  are  commonly  called  "angels".  Unusual  echoes  from  the  surface 
are  generally  referred  to  as  "anomalous  propagation"  or  "AP".  Both  of 
these  phenomena  have  been  ascribed  to  abnormal  refraction  of  the  radio  ray. 

A  study  of  abnormal  radar  echoes  made  at  Texas  A  &  M  dealt  primarily  with 
anomalous  propagation  brought  about  by  ducting  or  bending  of  radar  beams 
due  tc  inversions  near  the  surface.  They  studied  the  expansion  of  ground 
clutter  echoes  due  to  increased  gradient  of  refractive  index  near  the 
surface.  They  examined  large  areas  of  anomalous  echoes  separated  from 
the  normal  ground  clutter  pattern  brought  about  by  both  strong  surface 
inversions  and  strong  upper  level  inversions. 

The  index  of  refraction,  n,  of  electromagnetic  energy  in  a  non-dispersive 
medium  such  as  the  troposphere  is  defined  as  the  ratio  of  the  speed  of 
propagation  in  a  vacuum  to  the  speed  of  propagation  in  the  medium: 


n 


c 

vacuum 


vair 


(D 


The  speed  of  radar  energy  in  the  atmosphere  is  slightly  less  than  the 
speed  in  a  vacuum,  so  that  the  index  of  refraction  always  is  very  close 
to,  but  in  excess  of,  unity.  A  typical  example  is  1.000287.  For  con- 
vi.ence  in  handling,  the  index  of  refractiod  is  converted  to  a 
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"refractive  modulus,"  N,  which  is  referred  to  most  frequently  as 
"refractivity": 

N  -  (n  -  l)106,  (2) 

The  refractivity  for  the  above  example  would  be  287. 

The  index  of  refraction  is  a  function  of  temperature,  pressure,  and 
humidity,  their  relationship  being  given  by  the  equation 


„  .  (n  .  l)l0‘  -4E  + 

T  T*  (3) 

where  £  is  the  total  atmospheric  pressure  in  millibars,  e  is  the  partial 
pressure  of  atmospheric  water  vapor  in  millibars,  T  is  the  temperature  in 
degrees  Kelvin,  and  the  constants  A  (»  76.6  deg/mb)*  and  B  (■  4810  deg)* 
are  average  values  recommended  by  Smith  and  Weintraub.  A  is  the  dielectric 
constant  for  dry  air  and  B  is  the  water  vapor  dipole  moment.  The  formula 
is  correct  to  within  0.5  per  cent  for  the  temperature  range  of  -50C  to 
40C  and  the  frequency  range  of  30  mc/sec  to  30  kmc/sec.  The  actual  amount 
of  refraction  is  small,  never  exceeding  a  fraction  of  a  degree;  it  is 
usually  expressed  in  milllradians ,  or  "mils."  Therefore,  radar  operations 
will  be  influenced  most  when  the  angle  between  the  refracting  layer  and 
the  radar  ray  is  very  s*  all. 

Standard  propagation  occurs  when  the  atmosphere  is  stratified  vertically 
in  such  a  way  that  a  lapse  of  12  N-units  occurs  in  each  1000  ft.  Under 
these  conditions,  a  horizontal  radar  ray  will  be  bent  downward  slightly 
due  to  increasing  velocity  aloft.  This  increase  in  velocity  is  very  small; 
e.g, ,  in  the  time  it  takes  the  horizontal  ray  to  travel  1  mi  at  the  surface, 
it  will  travel  1  mi.  plus  3/4  in.  at  a  height  1000  ft  above  the  surf  ace. 

This  has  the  effect  of  extending  the  radar  horizon  about  15  per  cent  beyond 
the  geometric  horizon. 

Nonstandard  propagation  will  result  when  the  temperature  or  w.  r.er  content 
of  the  atmosphere  vary  significantly  from  so-called  "standard"  values. 
Substandard  refraction,  i.e.,  less  downward  bending  or  possible  actual 
upward  bending  of  the  radar  ray,  will  occur  if  the  refractivity  is  constant 
or  increases  with  height.  The  propagation  is  superstandard  if  the 
refractivity  decreases  with  height  at  a  rate  exceeding  the  standard  rate. 
This  causes  an  increased  downward  bending  of  the  ray.  If  the  velocity 
difference  between  the  surface  and  1000  ft  achieves  3in,/mi  of  horizontal 
travel,  as  occurs  with  a  refractivity  of  -48N/ 1000  ft.,  a  ray  will  have 
the  same  curvature  as  the  earth  with  resultant  greatly  extended  horizons, 
a  condition  referred  to  as  "ducting." 

Superrefraction  normally  results  from  a  combination  of  increasing  tempera¬ 
tures  and  decreasing  humidities  with  height.  Nocturnal  radiationul  cooling 
at  the  surface  and  normal  lack  of  nighttime  convection  will  cause  a  temp¬ 
erature  inversion,  if  other  physical  parameters  are  favorable.  These 

♦slightly  different  than  values  presented  by  Bean  and  Dutton. 
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conditions  are  conducive  to  the  formation  of  superrefractive  strata  in 
the  lower  troposphere.  The  formation  of  superrcfractivc  strata  is  favored 
by  clear  skies  and  low  wind  speeds. 

Elevated  superrefractive  layers  also  occur  with  temperature  inversions 
or  in  stable  layers  in  which  there  is  a  decrease  in  moisture  with  height. 
Subsidence  inversions  are  the  most  common  cause  of  this  situation. 

LOCAL  TERRAIN  SURROUNDING  COLLEGE  STATION,  TEXAS 

When  the  beam  of  a  radar  unit  is  used  to  cover  a  large  horizontal  area  - 
from  200  to  300  miles  -  the  elevation  angle  of  the  beam  must  be  at  or  near 
zero.  Near  the  radar  site,  even  when  the  antenna  is  several  feet  above 
the  ground,  part  of  the  energy  is  "echoed"  back  from  nearby  objects  and/or 
the  ground  itself.  As  the  energy  goes  farther  and  farther  from  the  radar 
site  the  curvature  of  the  earth  permits  the  beam  to  extend  into  the  air 
mass  higher  and  higher  above  the  earth's  surface.  The  local  terrain 
surrounding  any  particular  radar  location  helps  define  the  tpyical  ground 
pattern.  Figure  3  shows  the  topographic  map  of  area  within  150  miles  of 
College  Station,  Texas. 

NORMAL  GROUND  PATTERN 

A  standard  pattern  must  be  determined  if  one  wishes  to  ascertain  the 
degree  of  abnormality  of  nonstandard  patterns.  Figure  6  presents  the 
PPI  (Plan  Position  Indicator)  pattern  for  College  Station  with  the  elevation 
angle  set  at  0°  and  a  full  gain  setting  of  the  receiver.  It  is  the  ground 
return  pattern  associated  with  standard  refraction  in  the  atmosphere.  The 
black  circle  shown  in  Figure  6  encloses  an  area  inside  25  miles  from  the 
radar  site  at  College  Station  (CCL).  The  terrain  features  in  Figure  5 
are  reflected  in  this  normal  ground  pattern.  For  example,  the  line  of 
echoes  oriented  southwest  -  northeast  (approximately  25  miles  south  of 
CLL)  represents  the  ridge  which  rises  south  of  Yegua  Creek  west  of  Nuvasota. 
The  low  ground  along  the  three  streams  -  Brazos  River,  Yegua  Creek, 

Navasota  River  *  is  indicated  by  the  converging  blue  lines  which  join  to 
form  the  expanded  Brazos  River  near  Navasota  before  it  heads  southeastward 
to  empty  into  the  Gulf  at  Freeport. 

Figure  6  can  be  reproduced  with  a  0°  beam  angle  and  a  near  standard 
atmosphere  day  after  day  at  College  Station,  Texas,  and  can  be  considered 
the  normal  ground  pattern.  A  standard  pattern  must  be  determined  if  one 
wishes  to  ascertain  the  degree  of  abnormality  of  nonstandard  patterns. 

EXPANSION  (F  NORMAL  GROUND  PATTERN 

Eleven  cases  were  studied  in  which  anomalous  propagation  caused  an 
expansion  of  the  normal  ground  pattern.  The  amount  of  additional  echo 
observed  varies  from  scattered,  small  additions  to  large  areas  of  anomalous 
echoes  which  extend  beyond  the  50  mi  range.  The  eleven  cases  were  divided 
roughly  according  to  whether  they  had  small  or  large  amounts  of  AP, 

Examples  from  each  division  are  shown  in  Figures  7  and  8.  The  black  circles 
enclose  the  same  25  mile  radius  area  in  these  figures  as  in  Figure  (>. 
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0808CST  12  February  1963,  Range:  50  mi. 

Fig.  6  Normal  Ground  Pattern  for  AN/CPS -9  Radar  located  at  CLL. 


0843CST,  27  March  1962,  Range:  50  mi. 

Fig.  7  Expansion  of  Ground  Pattern  by  Anomalous  Echoes. 


2320CST,  18  April  1962,  Range:  50  mi. 

Fig.  8  Expansion  of  Ground  Pattern  by  Anomalous  Echoes. 
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The  common  feature  of  all  cases  was  a  surface  refracting  layer  less  than 
2000  ft  thick,  overlain  by  air  of  standard  or  near-standard  refraction. 

The  difference  in  refractivity  between  the  two  divisions  is  reflected 
in  the  extent  to  which  the  ground  pattern  is  expanded.  The  smaller 
expansions  of  AP  echoes  are  associated  with  smaller  refractivity  values, 
and  larger  amounts  with  larger  values.  All  cases  with  greater  amounts 
of  AP  were  from  periods  of  higher  temperatures  than  those  with  lesser 
amounts.  Warmer  air  masses,  with  their  larger  values  of  temperature  and 
humidity,  have  greater  values  of  refractivity.  Hovtover,  the  gradient 
of  N,  rather  than  the  discrete  values  of  N,  is  most  important  in  determin¬ 
ing  the  refracting  properties  of  an  air  mass. 

The  difference  in  amount  of  anomalous  echoes  appear  to  depend  upon  the 
gradient  and  thickness  of  the  surface  refracting  layer.  All  of  the  smaller 
amounts  occurred  with  gradients  between  18K/1000  ft  and  30N/1000  ft;  the 
larger  amounts  occurred  with  gradients  between  26N/1000  ft  and  40N/1000 
ft.  In  general,  the  refracting  layer  was  thicker  when  the  larger  amounts 
of  anomalous  echoes  were  observed.  However,  the  thickness  of  the  surface 
refracting  layer  was  ler  ;  than  1600  ft  in  all  cases. 

The  anomalous  echoes  are  related  tv  the  topographic  features.  Comparison 
of  Figure  7  with  a  map  of  the  terrain  shows  that  the  excess  echoes 
(indicated  by  white  arrows)  are  reflections  from  hills  at  those  locations. 
These  hills  are  not  detected  under  standard  refractive  conditions,  but 
are  detected  when  the  radar  ray  is  bent  one  and  one-half  to  two  times  the 
standard  rate  of  bending.  Greater  bending  of  the  ray  will  cause  additional 
topographic  features  to  be  presented  on  the  PPI  (Figure  8). 

LARGE  AREAS  OF  ECHO  SEPARATED  FROM  THE  NORMAL  GROUND  PATTERN 

The  examples  that  are  included  in  this  group  are  those  which  have  anomalous 
echoes  at  a  considerable  distance  from  the  normal  ground  pattern.  In 
some  cases,  these  echoes  encircle  the  local  area;  in  others,  they  are 
confined  to  one  or  two  quadrants.  In  most  cases,  they  appear  to  be  caused 
by  an  elevated  ducting  layer. 

Two  examples  of  anomalous  echoes  which  encircle  the  local  area  are  con¬ 
sidered  first.  Figures  9  and  10  are  examples  of  "radial  patterns"  which 
occurred  on  7  May  1962  and  12  February  1962.  The  black  circles  again  show 
an  area  of  25  miles  radius  nearest  CLL.  A  polaroid  photograph  is  presented 
for  7  May  because  the  regular  photographs  were  not  useable.  In  the  case 
of  12  February,  there  had  been  a  complete  ring  of  echoes  earlier,  but 
those  in  the  eastern  quadrants  had  begun  to  disappear  by  0820CST,  when 
the  photograph  was  taken.  The  refractivity  profiles  for  both  dates  were 
very  similar. 

A  large  anticyclone  was  located  over  the  Gulf  of  Mexico  at  the  surface, 
with  a  smaller  high-pressure  area  aloft  centered  over  Texas,  on  both 
7  May  1962  and  12  February  1962.  Thus,  there  was  a  layer  of  moist  Gulf 
air  near  the  surface,  overlain  by  a  very  dry  layer  caused  by  subsidence. 
Nocturnal  radiational  cooling  at  the  surface,  together  with  the  subsi¬ 
dence  warming  aloft,  created  a  very  sharp  inversion.  These  are  the  ideal 
conditions  for  the  formation  of  an  elevated  superrefractive  layer,  with 
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a.  0820CST,  7  May  1962,  Range:  300  mi. 

Fig.  9  Radial  Pattern  of  Anomalous  Echoes  Associated  with  an 
Elevated  Refracting  Layer. 


b.  0820CST,  12  February  1962,  Range:  225  mi. 
Fig.  10  Radial  Pattern  of  Anomalous  Echoes  Associated  with 
an  Elevated  Refracting  Layer. 
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near-standard  rafr active  conditions  above  and  below  the  layer.  The  effect 
of  the  elevated  layer  on  the  radar  ray  is  dependent  on  the  location  of 
the  antenna  relative  to  the  layer,  and  on  the  antenna  elevation  angle. 

If  the  antenna  is  located  well  below  the  layer,  total  bending  of  the  ray 
may  be  considerable  at  low  elevation  angles,  but  the  ray  will  emerge  on 
the  top  side  of  the  layer.  When  the  antenna  is  located  just  below  the 
layer  (within  several  thousand  feet)  and  elevated  less  than  2  deg,  the 
ray  may  be  trapped  or  totally  refracted. 

There  are  several  characteristics  which  distinguish  these  echoes  from 
those  discussed  previously.  First,  a  radial  pattern  is  caused  by  total 
or  near-total  refraction  from  an  elevated  layer,  so  that  its  location  is 
dependent  on  the  vertical  distance  between  the  radar  and  the  layer,  as 
well  rs  on  the  antenna  elevation  angle.  Terrain  features  are  of  secondary 
Importance  in  giving  the  pattern  its  shape  and  location.  Second,  these 
echoes  usually  persist  longer  because  it  takes  much  more  convective 
mixing  to  destroy  an  elevated  layer  than  is  needed  to  destroy  a  layer 
next  to  the  surface.  Third,  elements  of  a  second  ring  of  echoes  are  often 
observed;  they  probably  result  from  a  second  "bounce"  of  the  ray  between 
the  surface  and  the  refracting  layer. 


A  good  example  oi  anomalous  echoes  associated  with  the  formation  of  an 
elevated  refracting  layer  occurred  during  the  night  of  27  April  1962. 

An  elongated  low-pressure  trough  aloft,  extending  from  Illinois  to  central 
Texas,  triggered  severe  thunderstorms  as  it  moved  eastward  during  the  day. 
Clearing  occurred  over  the  southern  half  of  the  state  during  the  afternoon, 
but  thunderstorms  continued  in  the  Dallas-Shreveport  area.  Moist  Gulf 
air  was  flowing  northward  aloft,  ahead  of  the  trough,  at  the  time  of  the 
POOOUT  radiosonde  soundings;  it  was  replaced  by  very  dry  air  from  the  west 
after  passage  of  the  trough.  Figure  11  shows  the  rcfractivity  profiles 
for  S  n  Antonio  (SAT)  and  Lake  Charles  (LCII)  at  0900  Universal  Time  (UT) 
and  1200UT,  28  April  (1800CST,  27  April  and  OoOOCST;  28  April);  the 
profile  for  Ft.  Worth  (ACF)  is  not  shown  as  it  did  not  change  appreciabl) 
from  one  sounding  to  tiie  next.  The  formation  of  an  elevated  superrcfractive 
layer  is  clearly  indicated  at  both  stations  between  the  times  of  the  two 
soundings.  Figure  12  shows  the  AP  echoes  which  had  formed  in  the  southern 
quadrants  by  2250CST  (skies  were  then  clear) ;  the  echoes  to  the  north 
were  caused  by  thunderstorms. 

The  last  example  to  be  considered  in  this  group  occurred  on  9  February 
1962  (Figure  13a — e)  .  Skies  were  generally  clear  over  I  lie  state,  except 
for  some  early  morning  fog  along  the  coast  end  low  stratus  clouds  .liieli 
dissipated  as  the  temperature  increased.  A  large  high-pressure  area  was 
situated  over  the  southeastern  United  States,  so  that  warm,  moist  iir  \  as 
flowing  northward  from  the  Gulf  at  the  lower  levels.  Cold,  dry  air  aloft 
had  entered  Texas  from  the  northwest;  the  1200UT  refractivity  profiles 
Figure  14)  ndicutc  that  this  air  had  not  reached  LCH.  Very  strong 
superrcfractive  layers  existed  at  ACF  and  SAT;  it  appears  to  be  a  reason¬ 
able  assumption  that  such  a  layer  existed  at  CLL  also,  if  one  considers  the 

amount  of  anomalous  echoes  that  were  occurring  (Figure  13a - e) .  Both 

the  profiles  and  the  photographs  demonstrate  that  the  pattern  was  not  a 
true  radial  pattern  at  0850CST,  although  echoes  occurred  in  all  directions. 
During  the  next  15  min,  heating  and  convective  mixing  began  to  destroy 
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2250CST,  27  April  1962,  Range:  300  mi. 

Fig.  12  Anomalous  Echoes  Associated  with  the  Formation  of  an 
Elevated  Refracting  Layer. 


a.  0850CST,  9  February  1962,  Range:  300  mi. 

Fig.  13a  Anomalous  Echoes  caused  by  a  Strong  Super-refractive 
Layer  at  the  Surface. 


c.  0931CST ,  9  February  1962,  Range:  300  mi 


Fig.  13b  S  e.  Anomalous  Echoes  caused  by  a  Strong  Super-refractive 
Layer  at  the  Surface. 
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e.  1018CST,  9  February  1962,  Range:  300  mi. 

Fig.  13d  §  e.  Anomalous  Echoes  caused  by  a  Strong  Super-re£ractive 
Layer  at  the  Surface. 


the  superrefractive  layer  next  to  the  surface;  an  elevated  layer  was 
created  and  the  echoes  moved  outward  from  the  center  (Figure  13b). 

Continued  heating  and  convection  during  the  next  26  min  destroyed  much 
of  the  radial  pattern  (Figure  13c,  0931CST)  ;  in  the  following  13  min,  all 
the  echoes  in  the  northwest  quadrant  disappeared  and  new  echoes  appeared 
in  the  southwest  quadrant  (Figure  13d,  0944CST) .  Nearly  all  the  echoes 
had  disappeared  by  1021  CST,  except  several  in  the  eastern  quadrants 
beyond  100  mi,  indicating  that  the  low-level  refracting  layer  was  virtually 
destroyed.  This  example  tends  to  confirm  all  previous  conclusions  con¬ 
cerning  the  relationship  between  anomalous  echoes  and  the  location  and 
strength  of  superrefractive  layers. 

OPTICAL  AND  RADIO  PROPAGATION 

In  Chapter  13  of  the  Handbook  of  Geophysics  for  Air  Force  Designers, 
published  by  the  U.  S.  Air  Force  in  1957,  various  equations,  tables,  and 
nomograms  are  presented  covering  electromagnetic  wave  propagation  in  the 
lower  atmosphere.  Figures  15  and  16,  as  copied  from  that  book,  show  how 
refractive  modulus  values  vary  with  altitude  for  both  optical  and  radio 
wavelengths.  As  shown  in  Figure  16  the  two  curves  for  optical  and  radio 
wavelengths  converge  at  altitudes  greater  than  20,000  feet.  This  would 
indicate  that  any  abnormal  ducting  of  optical  and/or  radar  type  images 
might  be  similarly  distorted  to  observers  in  aircraft  flying  above  20,000 
feet  when  atmospheric  abnormalities  are  uniquely  favorable  for  anomalous 
propagation. 

AIRCRAFT  PENETRATION  OF  CLEAR  AIR  "ANGELS" 


At  the  Ninth  Weather  Radar  Conference  in  Kansas  City  in  1961,  R.  Q.  Tillman, 
R.  E.  Ruskln,  and  M.  N.  Robinson  of  the  U.  S.  Naval  Research  Laboratory, 
reported  on  the  tracking  of  approximately  500  clear  air  "angel"  echoes. 

Most  of  the  "angels"  plotted  had  radar  cross  sections  between  approximately 
0.2  and  3  cra^. 


The  maximum  detectable  range  usually  fell  between  2,000  and  4,000  yards. 

On  occasion,  distinct  angels  with  the  appearance  and  characteristics  of 
large  airplanes  or  vessels  were  tracked,  presenting  targets  roughly  100 
times  the  minimum  detectable  target  at  that  ran^e.  The  physical  extent 
of  most  of  the  angels,  as  deduced  from  manually  varying  the  range  setting 
across  the  target,  was  approximately  35  yards. 

A  series  of  attempts  was  mads  to  vector  an  instrumented  WV-2  Super- 
Constellation  aircraft  through  the  apparent  location  of  the  angel  echoes. 

Of  28  attempts,  4  were  successful.  The  plane  was  directed  by  radio  by 
the  radar  operators,  u3ing  the  altitude  and  heading  information  from  the 
plotting  boards.  On  the  Jour  successful  runs  the  plane  passed  directly 
through  the  telescope  cross  hairs,  and  its  radar  return  was  visible  in  the 
range  notch  of  the  A-scopes.  In  each  case  the  radar  shifted  to  this 
stronger  target.  However,  in  one  run  it  was  possible  to  unlock  momentarily 
from  the  plane  and  to  pick  up  the  angel  again.  On  another  occasion,  the 
angel  echo  disappeared  when  the  ..ircr.ft  passed  through,  Thu  aircraft 
instrumentation  included:  a  rapid-response  refractomcter ,  a  vortex  ther¬ 
mometer,  electric  field  and  conductivity  instruments,  and  space  charge 
detector.  In  none  of  the  four  instances  was  there  any  correlation  between 
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the  record:;  of  these  instruments  and  the  angel  location.  Slight  turbulence 
was  encountered  in  close  proximity  of  several  of  the  angels,  but  no  definite 
correlation  could  be  ascertained, 

SUMMARY 

Cloudless  skies  and  good  visibility  prevailed  at  the  time  of  the  UFO 
sightings  in  an  area  from  50  miles  east  of  Dallas  to  Mineral  Wells, 

Texas  in  the  esrly  morning  hours  of  September  19,  1957.  Therefore,  the 
UFO  sightings  were  not  related  to  cloudiness,  lightning,  or  radar  echoes 
from  shower  activity  near  the  flight  path. 

The  vertical  profile  of  the  atmosphere  as  measured  at  Ft.  Worth  did  contain 
a  sharp  temperature  inversion  near  the  6000  -  7000  foot  level  (Figure  2). 

The  temperature  increased  and  moisture  content  decreased  rapidly  with 
height  in  this  layer.  The  change  with  height  was  great  enough  to  permit 
a  corresponding  gradient  of  refractive  index  near  the  critical  level 
which  allows  extensive  anomalous  propagation  of  either  optical  or  radar 
energy  (see  Figures  3  and  16).  The  aircraft  crew,  although  flying  above 
the  ducting  layer,  could  have  been  receiving  echoes  and/or  images  of 
objects  or  lights  many  miles  from  the  puth  of  the  aircraft.  The  ground 
operators  of  radar,  located  below  the  ducting  layer,  probably  were  observ¬ 
ing  echoes  which  were  part  of  an  anomalous  propagation  pattern  trans¬ 
mitted  to  them  due  to  the  elevated  refracting  layer. 

The  air  mass  Itself  would  have  been  changing  slowly  with  respect  to  time 
during  th'3  night  time  hours.  From  a  fixed  position  the  ground  radar 
operators  would  have  been  able  to  detect  anomalous  propagation  near  one 
particular  position  for  fairly  long  periods.  By  contrast  the  airborne 
equipment  would  have  been  constantly  changing  its  position  relative  to 
both  the  surrounding  atmosphere  and  terrain.  The  probable  ducting  of 
images  from  considerable  distances  through  the  layered  atmosphere  would 
have  tended  to  keep  the  images  in  the  same  general  direction  from  the 
aircraft  and  at  some  distance  away  from  the  aircraft  itself.  This  is  in 
some  ways  similar  to  the  observation  of  a  rainbow  from  a  moving  automobile. 

It  is  worthy  to  note  that  a  large  fraction  of  the  reports  on  detailed 
research  which  have  been  used  as  references  for  the  conclusions  in  this 
study  have  publication  dates  after  September  1957.  Even  in  1968  it  is  not 
likely  that  the  results  of  such  research  are  common  knowledge  to  a  high 
fraction  of  aircraft  crews  who  might  on  rare  occasions  fly  near  a  "ducting 
layer"  which  is  invisible  in  a  cloudless  atmosphere. 

The  detailed  observations  are  being  retained  in  my  files.  Should  they 
be  of  further  use  to  you  please  let  me  know. 
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NOTE: 


CURVE  FOR  RADIO  WAVELENGTHS 
SHOULD  WITH  ALTITUDE  APPROACH 
AS  A  LIMIT  THE  CURVE  FOR  OPTICAL 
WAVELENGTHS.  THE  CROSSING  OF 
THESE  IS  DUE  TO  SIMPLIFIED  APPROX¬ 
IMATIONS  USED  IN  THEIR  CALCU¬ 
LATIONS. 
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Fig.  16  Variation  of  Standard  Refractive 
Modulus  with  Altitude. 


APPENDIX  R:  LETTER  FROM  GENERAL  N.  F.  TWINING 
TO  COMMANDING  GENERAL,  ARMY  AIR  FORCES 
23  SEPTEMBER  1947 


SUBJECT:  AMC  Opinion  Concerning  'T lying  Discs"  23  September  1947 


TO:  Commanding  General 

Army  Air  Forces 
Washington  25,  D.  C. 

ATTENTION:  Brig.  General  George  Schulgen 
AC/AS-2 


1.  As  requested  by  AC/AS-2  there  is  presented  below  the  considered 
opinion  of  this  Command  concerning  the  so-called  "Flying  Discs".  This 
opinion  is  based  on  interrogation  report  data  furnished  by  AC/AS-2  and 
preliminary  studies  by  personnel  of  T-2  and  Aircraft  Laboratory,  Engineer¬ 
ing  Division  T-3.  Ibis  opinion  was  arrived  at  in  a  conference  between 
personnel  from  the  Air  Institute  of  Technology,  Intelligence  T-2,  Office, 
Chief  of  Engineering  Division,  and  the  Aircraft,  Powor  Plant  and  Propeller 
Laboratories  of  Engineering  Division  T-3. 

2.  It  is  the  opinion  that: 

a.  The  phenomenon  reported  is  something  real  and  not  visionary 
or  fictitious. 

b.  There  are  objects  probably  approximating  the  shape  of  a 
disc,  of  such  appreciable  size  as  to  appear  to  be  as  large  as  man-made 
aircraft. 


c.  There  is  a  possibility  that  some  of  the  incidents  may  be 
caused  by  natural  phenomena,  such  as  meteors. 

d.  The  reported  operating  characteristics  such  as  extreme 
rates  of  climb,  maneuverability  (particularly  in  roll),  and  action  which 
must  be  considered  evasive  when  sighted  or  contacted  by  friendly  air¬ 
craft  and  radar,  lend  belief  to  the  possibility  that  some  of  the  objects 
are  controlled  either  manually,  automatically  or  remotely. 

e.  The  apparent  common  description  of  the  objects  is  as  follows: 

(1)  Metallic  or  light  reflecting  surface. 
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(2)  Absence  of  trail,  except  in  a  few  instances  when  the 
object  apparently  was  operating  under  high  perfor¬ 
mance  conditions. 

(3)  Circular  or  elliptical  in  shape,  flat  on  bottom  and 
domed  on  top. 

(4)  Several  reports  of  well  kept  formation  flights  varying 
from  three  to  nine  objects. 

(5)  Normally  no  associated  sound,  except  in  three  instances 
a  substantial  rumbling  roar  was  noted. 

(6)  Level  flight  speeds  normally  above  300  knots  are  esti¬ 
mated  . 


f.  It  is  possible  within  the  present  U.  S.  knowledge  --  pro¬ 
vided  extensive  detailed  development  is  undertaken  —  to  construct  a 
piloted  aircraft  which  has  the  general  description  of  the  object  in  sub- 
paragraph  (e)  above  which  would  be  capable  of  an  approximate  range  of 
7000  miles  at  subsonic  speeds. 

g.  Any  developments  in  this  country  along  the  lines  indicated 
would  be  extremely  expensive,  time  consuming  and  at  the  considerable  ex¬ 
pense  of  current  projects  and  therefore,  if  directed,  should  be  set  up  in¬ 
dependently  of  existing  projects. 

h.  Due  consideration  must  be  given  the  following:  - 

(1)  The  possibility  that  these  objects  are  of  domestic 
origin  -  the  product  of  some  high  security  project 
not  known  to  AC/AS-2  or  this  Command. 

f.2)  The  lack  of  physical  evidence  in  the  shape  of  crash 
recovered  exhibits  w.iich  would  undeniably  prove  the 
existence  of  these  objects. 

(3)  The  possibility  that  some  foreign  nation  has  a  form 
of  propulsion  possibly  nuclear,  which  is  outside  of 
our  domestic  knowledge. 

3.  It  is  recommended  that: 

a.  Headquarters,  Army  Air  Forces  issue  a  directive  assigning 
a  priority,  security  classification  and  Code  Name  for  a  detailed  study  of 
this  matter  to  include  the  preparation  of  complete  sets  of  all  available 
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and  pertinent  data  which  will  then  be  made  available  to  the  Army,  Navy, 
Atomic  Energy  Commission,  JRDB,  the  Air  Force  Scientific  Advisory  Group, 
NACA,  and  the  RAND  and  NEPA  projects  for  comments  and  recommendations, 
with  a  preliminary  report  to  be  forwarded  withing  15  days  of  receipt  of 
the  data  and  a  detailed  report  thereafter  every  30  days  as  the  investi¬ 
gation  develops.  A  complete  interchange  of  data  should  be  effected. 

4.  Awaiting  a  specific  directive  AMC  will  continue  the  investi¬ 
gation  within  its  current  resources  in  order  to  more  closely  define  the 
nature  of  the  phenomenon.  Detailed  Essential  Elements  of  Information 
will  be  formulated  immediately  for  transmittal  thru  channels. 


N.  F.  TWINING 

Lieutenant  General,  U.  S.  A. 
Commanding 
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APPENDIX  S:  DIRECTIVE  -  MAJOR  GENERAL  L.  C.  CRAIGIE  TO  COMMANDING  GENERAL 
WRIGHT  FIELD  (WRIGHT- PATTERSON  AFB)  -  DISPOSITION  AND  SECURITY  FOR  PROJECT 
"SIGN",  DATED  30  DECEMBER  1947. 


(COPY) 

30  December  1947 

SUBJECT:  Flying  Discs 


TO:  Commanding  General 

Air  Material  Command 
Wright  Field,  Dayton,  Ohio 
Attn:  TSDIH 

1.  Reference  is  made  to  three  inclosures,  memoranda  from  your  office 
to  this  headquarters,  subject  as  above. 

2.  It  is  Air  Force  policy  not  to  ignore  icports  of  sightings  and 
phenomena  in  the  atmosphere  but  to  recognize  that  part  of  its  mission  is 
to  collect,  collate,  evaluate  and  act  on  information  of  this  nature. 

3.  In  implementing  this  policy,  it  is  desired  that  the  Air  Material 
Command  set  up  a  project  whose  purpose  is  to  collect,  collate,  evaluate  and 
distribute  to  interested  government  agencies  and  contractors  all  information 
concerning  sightings  and  phenomena  in  the  atmosphere  which  can  )e  construed 
to  be  of  concern  to  the  national  security.  It  is  desired  that  appropriate 
recommendations  be  forwarded  to  this  Headquarters,  wherever  action  is  indi¬ 
cated  which  falls  outside  the  field  of  the  Air  Material  Command. 

4.  It  is  suggested  that  the  activities  of  this  project  include  the 
preparation  and  distribution  of  an  initial  report,  as  recommended  in  In¬ 
closure  1,  and  that  subsequent  reports  be  issued  on  a  quarterly  basis. 
Supplementary  reports  should  be  issued  at  more  frequent  intervals  should 
the  need  for  same  be  indicated.  This  project  is  assigned  priority  2A,  with 
a  security  classification  of  "restricted"  and  Code  Nam®  of  "SIGN".  Where 
data  of  a  classification  higher  than  restricted  is  handled  by  the  project 
such  data  should  be  classified  accordingly.  A  complete  interchange  of  data 
should  be  effected  as  recommended  in  Inclosure  1. 
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such  data  should  be  classified  accordingly.  A  complete  interchange  of 
data  should  be  effected  as  recommended  in  Inclosure  1. 

BY  CCMfAND  OF  THE  CHIEF  OF  STAFF: 


L.  C.  CRAIGIE 

Major  General,  U.S.Air  Force 
Director  of  Research  and  Development 
Office,  Deputy  Chief  of  Staff,  Material 


4  Incls 

1.  Memo  dtd  23  Sept  '47 
from  AMC  to  AC/ AS -2 
(Gen  Schulgen) 

2.  Memo  dtd  24  Sept  '47 
from  AMC  to  AC/ AS- 2 
(Gen  McDonald) 

3.  Memo  dtd  19  Dec  '47 
to  Gen  Craigie 

4.  R&R  from  Dir  of  Intel  1.  w/2  Dools 
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APPENDIX  T:  G.  E.  VALLEY,  INTERPRETATION  OF  REPORTS  OF  UNIDENTIFIED 
FLYING  OBJECTS,  PROJECT  "SIGN",  NC  F-TR-2274-IA,  APPENDIX  "C". 


Appendix  "C" 

Some  Considerations  Affecting  the  Interpretation  of  Reports  of  Unidentified 

Flying  Objects 

By 

G.  E.  Valley,  Member  Scientific  Advisory  Board, 

Office  of  the  Chief  of  Staff,  United  States  Air  Force 


The  writer  has  studied  summary  abstracts  and  con  tents  pertaining 
to  unidentified  flying  objects,  which  were  forwarded  by  Air  Force  Intell¬ 
igence.  These  remarks  are  divided  into  three  main  parts:  the  first  part 
is  a  short  summary  of  the  reports;  the  second  part  consists  of  a  general 
survey  of  various  possibilities  of  accounting  for  the  reports;  the  third 
part  contains  certain  reaSiiendations  for  future  action. 


PART  I  -  SHORT  SUFflARY  OF  OBSERVATIONS 

The  reports  can  be  grouped  as  follows: 

Group  1  --  The  most  numerous  reports  indicate  the  daytime  observation 
of  metallic  disk-like  objects,  roughly  in  diameter  ten  times  their  thick¬ 
ness.  There  is  some  suggestion  that  the  cross  section  is  assymetrical  and 
rather  like  a  turtle  shell.  Reports  agree  that  these  objects  are  capable 
of  high  acceleration  and  velocity;  they  often  are  sighted  in  groups,  some¬ 
times  in  formation.  Sometimes  they  flutter. 

Group  2  --  The  second  group  consists  of  reports  of  lights  observed  at 
night.  These  are  also  capable  of  high  speed  and  acceleration.  They  are 
less  commonly  seen  in  groups.  They  usu  lly  appear  to  be  sharply  defined 
luminous  objects. 

Group  3  --  The  third  group  consists  of  reports  of  various  kinds  of 
rockets,  in  general  appearing  somewhat  like  V- 2  rockets. 

Group  4  --  The  fourth  group  contains  reports  of  various  devices  which, 
in  the  writer's  opinion,  are  sounding  balloons  of  unusual  shape  such  as  are 
made  by  the  General  Mills  Company  to  Navy  contract. 

Group  5  --  The  fifth  group  includes  repoi  .s  of  objects  in  which  little 
credence  can  be  placed. 
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General  Remarks 


In  general,  it  is  noted  that  few,  if  any,  reports  indicate  that  the 
observed  objects  make  any  noise  or  radio  interference.  Nor  are  there 
many  indications  of  any  material  affects  or  physical  damage  attributable 
to  the  observed  objects. 

Summary  --  PART  I 

This  report  will  consider  mainly  the  reports  of  Groups  1  and  2. 

PART  II  --  ON  POSSIBLE  EXPLANATIONS  OF  THE  REPORTS 


Section  A  --  What  can  be  deduced  concerning  the  nature  of  an  unknown 
aerial  object  from  a  single  sighting? 


Here,  there  are  two  problems:  first,  how  much  can  be  deduced  con¬ 
cerning  the  nature  of  the  objects  from  geometrical  calculations  alone; 
second,  how  much  more  can  be  deduced  if,  in  addition,  it  is  assumed  that 
the  objects  obey  the  laws  of  nature  as  we  know  them. 


Concerning  the  first  problem,  it  can  be  stated  that  only  ratios  of 
lengths,  and  rates  of  change  of  such  ratios,  can  be  accurately  determined. 
Thus,  the  range  and  size  of  such  objects  cannot  be  determined;  and  it  is 
noticeable  that  reports  of  size  of  the  ob  erved  objects  are  widely  at 
variance.  However,  angles,  such  as  the  angle  subtended  by  the  object,  can 
be  observed.  Likewise  there  is  fair  agreement  abong  several  observers 
that  the  diameter  of  the  objects  of  Group  1  is  about  ten  times  their  thick¬ 
ness.  Although  velocity  cannot  be  determined,  angular  velocity  can  be, 
and  in  particular  the  flutter  frequency  could,  in  principle,  be  determined. 

All  that  can  be  concluded  about  the  range  and  size  of  the  objects, 
from  geometrical  considerations  alone,  is:  1)  from  the  fact  that  estimated 
sizes  vary  so  widely,  the  objects  were  actually  either  of  ifferent  sizes, 
or  more  likely,  that  they  were  far  enough  from  the  observers  so  that  binoc¬ 
ular  vision  produced  no  stereoscopic  effect;  this  only  means  that  they  were 
farther  off  than  about  thirty  feet;  2)  since  objects  were  seen  to  disappear 
behind  trees,  buildings,  clouds,  etc.,  they  are  large  enough  to  be  visible 
at  the  ranges  of  those  recognizable  objects. 


Now, it  is  obviously  of  prime  importance  to  estimate  the  size  and  mass 
of  the  observed  objects.  This  may  be  possible  to  some  extent  if  it  is 
permissible  to  assume  that  they  obey  the  laws  of  physics.  Since  the  ob¬ 
jects  have  not  been  observed  to  produce  any  physical  effects,  other  than  the 
one  case  in  which  a  cloud  was  evaporated  along  the  trajectory,  it  is  not 
certain  that  the  laws  of  mechanics,  for  instance,  would  be  sufficient. 
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But  suppose  that  machanical  laws  alone  are  sufficient,  then  the 
following  example  is  sufficient  proof  that  at  least  a  length  could,  in 
principle,  be  determined:  suppose  a  simple  pendulum  were  observed  sus¬ 
pended  in  the  sky;  then  after  observing  its  frequency  of  oscillation, 
we  could  deduce  from  the  laws  of  mechanics  its  precise  length. 


iThis  suggests  that  something  could  be  deduced  from  the  observed 
fluttering  motion  of  some  of  the  objects  of  Group  1.  Assume  that  we 
know  the  angular  frequency  and  angular  amplitude  of  this  fluttering 
motion  (they  can  be  measured  in  principle  from  a  motion  picture) .  Then 
for  purposes  of  calculation  assume  the  object  to  be  thirty  feet  in  di¬ 
ameter,  to  be  as  rigid  as  a  normal  aircraft  wing  of  30-foot  span,  to  be 
1  constructed  of  material  of  the  optimum  weight-strength  ratio  and  to  be 

a  structure  of  most  efficient  design.  It  is  now  possible  to  calculate 
how  heavy  the  object  must  be  merely  to  remain  rigid  under  the  observed 
angular  motion.  Let  the  calculation  be  made  for  a  plurality  of  assumed 
sizes  1,  2,  4,  8,  16,  32,  64  ----  up  to  say  200  feet,  and  let  calculated 
mass  be  plotted  versus  assumed  size.  The  non-linear  character  of  the 
curve  should  indicate  an  approximate  upper  limit  to  the  size  of  the  ob¬ 
ject. 


If,  in  addition,  it  is  assumed  that  the  flutter  is  due  to  aerody¬ 
namic  forces,  it  is  possible  that  more  precise  information  could  be 
obtained. 

The  required  angular  data  can  probably  be  extracted  from  the  wit¬ 
nesses  most  relaibly  by  the  use  of  a  demonstration  model  which  can  be 
made  to  oscillate  or  flutter  in  a  known  way.  | 

Smanary  --  PART  II,  Section  A 

Geometrical  calculations  alone  cannot  yield  the  size  of  objects 
observed  from  a  single  station;  such  observation  together  with  the 
assumption  that  the  objects  are  essentially  aircraft,  can  be  used  to 
set  reasonable  limits  of  size. 

Section  B  --  The  possibility  of  supporting  and  propelling  a  solid 
object  by  unusual  means. 

i 

Since  some  observers  have  obviously  colored  their  reports  with 
talk  of  rays,  jets,  beams,  space-ships,  and  the  like,  it  is  well  to 
examine  what  possibilities  exist  along  these  lines.  This  is  also  im¬ 
portant  in  view  of  the  conclusions  of  PART  II,  Section  A,  of  this 
report . 
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Method  I  --  Propulsion  and  support  by  Mans  of  "rays"  or  "beams". 


By  "rays"  or  "beams"  are  meant  either  purely  electromagnetic  radi¬ 
ation  or  else  radiation  which  is  largely  corpuscular  like  cathode-rays 
or  cosmic-rays  or  cyclotron-beams. 

Now,  it  is  obvious  that  any  device  propelled  or  supported  by  such 
means  is  fundamentally  a  reaction  device,  it  is  fundamental  in  the 
theory  of  such  devices  that  a  given  amount  of  energy  is  most  efficiently 
spent  if  the  momentum  thrown  back  or  down  is  large.  This  means  that  a 
large  mass  should  be  given  a  small  acceleration  --  a  theorem  well  under¬ 
stood  by  helicopter  designers. 

The  beams  or  rays  mentioned  do  the  contrary,  a  small  mass  is  given 
a  very  high  velocity,  consequently  enormous  powers,  greater  than  the 
total  world's  power  copacity,  would  be  needed  to  support  even  the  small¬ 
est  object  by  such  means. 

Method  II  --  Direct  use  of  Earth's  Magnetic  Field 

One  observer  (incident  68)  noticed  a  violent  motion  of  a  hand-held 
compass.  If  we  assume  from  this  that  the  objects  produced  a  magnetic 
field,  comparable  with  the  Earth's  field,  namely,  0.1  gauss,  and  that 
the  observer  found  that  the  object  subtended  an  angle  0  at  his  position, 
then  the  ampere- turns  of  the  required  electrc aagnet  is  given  by: 

30R 

ni  •  where  R  is  the  range  of  the  object. 

For  instance,  if  R  is  one  kilometer  and  the  object  is  10  meters  in  di¬ 
ameter,  then  ni  1  billion  ampere-turns. 

Now  if  the  object  were  actually  only  10  meters  away  and  were  corres¬ 
pondingly  smaller;  namely,  10  cm  in  diameter,  it  would  still  require  10 
million  ampere- turns. 

These  figures  are  a  little  in  excess  of  what  can  be  conveniently 
done  on  the  ground.  They  make  it  seem  unlikely  that  the  effect  was 
actually  observed. 

Now,  the  Earth's  magnetic  field  would  react  on  such  a  magnet  to 
produce  not  only  a  torque  but  also  a  force.  This  force  depends  not  di¬ 
rectly  on  the  Earth's  field  intensity  but  on  its  irregularity  or  gradient. 
This  force  is  obviously  minute  since  the  change  in  field  over  a  distance 
of  10  meters  (assumed  diameter  of  the  object)  is  scarcely  measureable, 
moreover  the  gradient  is  not  predictable  but  changes  due  to  local  ore 
deposits.  Thus,  even  if  the  effect  were  large  enough  to  use,  it  would 
stil*  be  unreliable  and  unpredictable. 
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Method  III  --  Support  of  an  electrically-charged  object  by 
causing  it  to  move  transverse  to  the  Earth's  magnetic 
field. 

A  positively- charged  body  moving  from  west  to  east,  or  a  nega¬ 
tively-charged  body  moving  from  east  to  west  will  experience  an  upward 
force  due  to  the  Earth's  magnetic  field. 

A  sphere  10  meters  diameter  moving  at  a  speed  of  one  kilometer/ 
second  would  experience  an  upward  force  of  one  pound  at  the  equator 
if  charged  to  a  potential  of  5  x  10^  volts.  This  is  obviously  ridic¬ 
ulous. 

Section  D  --  The  anti-gravity  shield 

It  has  been  proposed,  by  various  writers,  perhaps  first  by  H.G. Wells, 
that  it  might  be  possible  to  construct  a  means  of  shielding  a  massive 
body  from  the  influence  of  gravity.  Such  an  object  would  then  float. 
Recently,  there  appeared  in  the  press  a  notice  that  a  prominent  economist 
has  offered  to  support  research  on  such  an  enterprise. 

Obviously,  conservation  of  energy  demands  that  considerable  energy 
be  given  the  supported  object  in  order  to  place  it  on  the  shield.  How¬ 
ever,  this  amount  of  energy  is  in  no  way  prohibitive,  and  furthermore 
it  can  be  gotten  back  when  the  object  lands. 

Aside  from  the  fact  that  we  have  no  suggestions  as  to  how  such  a 
device  is  to  be  made,  the  various  theories  of  general  relativity  all  agree 
in  assuming  that  gravitational  force  and  force  due  to  acceleration  are 
indistinguishable,  and  from  this  assumption  the  theories  predict  certain 
effects  which  are  in  fact  observed.  The  assumption,  therefore,  is  probably 
correct,  and  a  corollary  of  it  is  essentially  that  only  by  means  of  an 
acceleration  can  gravity  be  counteracted.  This,  we  can  successfully  do 
for  instance  by  making  an  artificial  satellite,  but  this  presumably  is 
not  what  has  been  observed. 

Summary  --  PART  II,  Section  B 

Several  unorthodox  means  of  supporting  or  propelling  a  solid  object 
have  been  considered,  all  are  impracticable.  This  finding  lends  credence 
to  the  tentative  proposed  assumption  of  Part  II,  that  the  objects  are 
supported  and  propelled  by  some  normal  means,  or  else  that  they  are  not 
solids.  No  discussion  of  the  type  of  Part  II,  Section  B,  can,  in  prin¬ 
ciple,  of  course,  be  complete. 

Section  C  --  Possible  causes  for  the  reports 

Classification  I  --  Natural  terrestrial  phenomena 

1.  The  observations  may  be  due  to  some  effect  such  as  ball  of 
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lightning.  The  writer  has  no  suggestions  on  this  essentially  meteoro¬ 
logical  subject. 

2.  The  objects  may  be  some  kind  of  animal. 

Even  in  the  celebrated  case  of  incident  172  where  the  light  was 
chased  by  a  P51  for  half  an  hour  and  which  was  reported  by  the  pilot  to 
be  intelligently  directed,  we  can  make  this  remark.  For  considering  that 
an  intelligence  capable  of  making  so  remarkable  device  would  not  be  likely 
to  play  around  in  so  idle  a  manner  as  described  by  the  pilot. 

In  this  connection,  it  would  be  well  to  examine  if  some  of  the 
lights  observed  at  night  were  not  fire-fliea. 

3.  The  observed  objects  may  be  hallucinatory  or  psychological 
in  origin.  It  is  of  prime  importance  to  study  this  possibility  because 
we  can  learn  from  it  something  of  the  character  of  the  population;  its 
response  under  attack;  and  also  something  about  the  reliability  of  visual 
observation. 

One  would  like  to  assume  that  the  positions  held  by  many  of 
the  reported  observers  guarantee  their  observations.  Unfortunately, 
there  were  many  reports  of  curious  phenomena  by  pilots  during  the  war 
--  the  incident  of  the  fire-ball  fighters  comes  to  mind.  Further, 
mariners  have  been  reporting  sea-serpents  for  hundreds  of  years  yet  no 
one  has  yet  produced  a  photograph. 

It  would  be  interesting  to  tabulate  the  responses  to  see  how 
reliable  were  the  reports  on  the  Japanese  balloons  during  the  war.  There 
we  had  a  phenomenon  proven  to  be  real. 

It  is  interesting  that  the  reports  swiftly  reach  a  maximum 
frequency  during  the  end  of  June  1947  and  then  slowly  taper  off.  We  can 
assume  that  this  is  actually  an  indication  of  how  many  objects  were  actu¬ 
ally  about,  or,  quite  differently,  we  can  take  this  frequency  curve  as 
indicating  something  about  mass  psychology. 

This  point  can  be  tested.  Suppose  the  population  is  momentarily 
excited;  hew  does  the  frequency  of  reports  vary  with  time?  A  study  of 
crank  letters  received  after  the  recent  publicity  given  to  the  satellite 
program  should  give  the  required  frequency  distribution. 

It  is  probably  necessary  but  certainly  not  sufficient  that  the 
unidentified-object  curve  and  the  crank-letter  curve  should  be  similar 
in  order  for  the  flying  disks  to  be  classes  as  hallucinations. 
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A  large-scale  experiment  was  made  at  the  time  of  the  Orson  Welles 
"Martian"  br°aacast.  Some  records  of  this  must  persist  in  newspaper  files 

Classification  II  --  Man-made  terrestrial  phenomena 

1.  The  objects  may  be  Russian  aircraft.  If  this  were  so,  then  the 
considerations  of  Sections  A  and  B  indicate  that  we  would  have  plenty  to 
worry  about.  It  is  the  author's  opinion  that  only  an  accidental  dis¬ 
covery  of  a  degree  of  novelty  never  before  achieved  could  suffice  to 
explain  such  devices.  It  is  doubtful  whether  a  potential  enemy  would 
arouse  our  curiosity  in  so  idle  a  fashion. 

Classification  III  --  Extra  terrestrial  objects. 

1.  Meteors:  It  is  noteworthy  that  the  British  physicist  Lovell 
writing  in  "Physics  Today"  mentions  the  radar  discovery  of  a  new  day¬ 
time  meteorite  stream  which  reached  its  maximum  during  June  1947.  The 
reported  objects  lose  little  of  their  interest,  however,  if  they  are  of 
meteoritic  origin. 

2.  Animals:  Although  the  objects  are  descirbed  act  more  like  ani¬ 
mals  than  anything  else,  there  are  few  reliable  reports  on  extra¬ 
terrestrial  animals. 

3.  Space  Ships:  The  following  considerations  pertain: 

a.  If  there  is  an  extra  terrestrial  civilization  which  can 
make  such  objects  as  are  reported  then  it  is  most  probable  that  its 
development  is  far  in  advance  of  ours.  This  argument  can  be  supported 
on  probability  arguments  alone  without  recourse  to  astronomical  hypoth¬ 
eses  . 


b.  Such  a  civilization  might  observe  that  on  Earth  we  now  have 
<.  mic  bombs  and  are  fast  developing  rockets.  In  view  of  the  past  history 
oi  mankind,  they  should  be  alarmed.  We  should,  therefore,  expect  at  this 
time  above  all  to  behold  such  visitations. 

Since  the  acts  of  mankind  most  easily  observed  from  a  distance  are 
A-bomb  explosions  we  should  expect  some  relation  to  obtain  between  the 
time  of  A-bomb  explosions,  the  time  at  which  the  space  ships  are  seen,  and 
the  time  required  for  such  ships  to  arrive  from  and  return  to  home-base. 

PART  III  --  RE  COW  END  AT  IONS 

1.  The  file  should  be  continued. 

2.  A  meteorologist  should  compute  the  approximate  energy  required 
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to  evaporate  as  much  cloud  -is  shown  in  the  incident  26  photographs.  To¬ 
gether  with  an  aerodynamici  it  he  should  examine  whether  a  meteorite  of 
unusual  shape  could  move  as  observed. 

3.  The  calculations  suggested  in  Part  II,  Section  A,  shc'O  be 
estimated  by  an  aerodynamic  is  t  with  such  changes  as  his  more  >  jiled 
knowledge  may  suggest. 

4.  The  mass-psychology  studies  outlined  in  Part  II,  Section  C, 
Classification  I  3  should  be  carried  out  by  a  competent  staff  of  statis¬ 
ticians  and  mass-psychologists. 

5.  Interviewing  agents  should  carry  objects  or  moving  pictures  for 
comparison  with  reporter's  memories.  These  devices  should  be  properly 
designed  by  a  psychologist  experienced  in  problems  pertaining  to  aircraft 
and  design  of  aircraft-control  equipment  so  that  he  shall  have  some  grasp 
of  what  it  is  that  is  to  be  found  out.  If  the  Air  Force  has  reason  to 

be  seriously  interested  in  these  reports,  it  should  take  immediate  steps 
to  interrogate  the  reporters  more  precisely. 

6.  A  person  skilled  in  the  optics  of  the  eye  and  of  the  atmosphere 
should  investigate  the  particular  point  that  several  reports  agree  in 
describing  the  objects  as  being  about  ten  times  as  wide  as  they  are  thick; 
the  point  being  to  see  if  there  is  a  plurality  of  actual  shapes  which 
appear  so,  under  conditions  approaching  limiting  resolution  or  detectable 
contrast . 
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APPENDIX  U:  REPORT  OF  MEETINGS  OF  SCIENTIFIC  ADVISORY  PANEL 
ON  UNIDENTIFIED  FLYING  OBJECTS  (ROBERTSON  PANEL) 

14-18  JANUARY  1953 
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16  February  1953 


FROM 

SUBJECT 


Report  of  Mootings  of  the. 

,  •_  "Scientific  Advisory  Panel  on 

"Unidentified  Flying  Objects,  January  14  -  18,  1953 


PURPOSE 

The  purpose  of  this  r.or.orand  .  i  is  to  present: 

a.  A  brief  history  of  tho  mootings  of  the  Advisory  Panel 
On  Unidentified  Flying  Objects  (Part  I), 

b.  An  unofficial  supplement  to  the  official  Panel  Report : 

setting  forth  cor.nents  and  suggestions  of  the  Panel 
Members  which  the^  believed  were  inappropriate  for  inclusion 
in  the  formal  report  (Part  II). 

PART  I:  HISTORY  OF  M33TIUGS 
GENERAL 

After  consideration  of  the  subject  of  "unidentified  flying 
objects"  at  the  4  December  meeting  of  the 
the  following  action  was  agreed: 

"The  will: 

a.  Enlist  the  services  of  selected  scientists  to 

review  and  appraise  the  available  evidence  in  the 
light’  of  pertinent  scientific  theories...." 
Following  the  delegation  of  this  action  to  the! 

and  preliminary  invest! gati< 
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an  Advisory  Panel  of  selected  sciontists  was  assembled.  In 
cooperation  with  the  Air  Technical  Intelligence  Center,  case 
histories  of  reported  sightings  and  related  material  were 
mado  available  for  their  study  and  consideration. 

Present  at  the  initial  mooting  ( C$00  Wednesday,  14  January) 
were:  Dr.  H.  P.  Robertson-  Dr.  j  Dr.  Thornton 

Page,  Dr.  Samuol  A.  Goudsmit, 


and  tho  writor.  Panel  Member,  Dr.  Lloyd  V.  Berk- 
ner,  was  absent  until  Friday  afternoon.  Mossrs. 

were  present  throughout  the  sessions  to  familiarize  themselves 
with  the  subject,  represent  the  substantivo  interest  of  their 
Divisions,  and  assis't  in  administrative  support  of  the  meetings. 

(A  list  of  personnel  concerned  with  the  mootings  is  given  in 
Tab  A. 

WEDNESDAY-  MORNING 

The  opened  the  mooting,  reviewing  CIA  interest  in  the 

subject  and  action  taken.  This  review  included  the  mention  of 
the,  \ Study  Group  of  August  1952 

culminating  in  the  briefing  of  the  the  ATIC  November  21 
briefing,  4  December  consideration,  visit  to  ATIC 
Robertson  and  ,  and'  concern  over  potential  dangers 

to  national  security  indirectly  related  to  the**  sightings. 

Mr.  enumerated  these  potential  dangers.  Following  this 

introduction,  Dr.  turned  the  meeting  over  to 
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Dr.  Robertson  as  Chairman  of  tho  Panel.  Dr.  Robertson  enumerated 
tho  evidence  availablo  and  requested  consideration  of  specific 
reports  and  letters  be  taken  by  certain  individuals  present  (Tab  B). 
For  example,  ease  his tori os  involving  radar  or  radar  and  visual 
sightings  vorc  solcctcd  for  Dr.  whilo  reports  of  Green 

Firoball  phenomena,  noctiurnal  lights,  and  suggested  programs  of 
investigation  vero  routed  to  Dr.  Pago.  Following  these  remarks, 
tho  motion  pictures  of  the  sightings  at  Tremonton,  Utah  (2  July  1952) 
and  Great  Falls,  Montana  (15  August  1950)  vero  shovm.  Tho  meeting 
adjourned  at  1200. 

V/EDNESmY  AFTERuOON 

The  socond  meeting  of  the  Panol  openod  at  1400.  Lt. 

USN,  and  Mr.  of  tho  USN  Photo  Interpretation 


Laboratory,  Anacostia,  prosented  tho  results  of  their  analyses  of 
the  films  mentioned  above.  This  analysis  evoked  considerable 
discussion  as  elaborated  upon  bolow.  Besides  Panel  members  and 
CIA  personnel,  Capt.  E.  J.  Ruppclt,  Dr. 

(2-a-2),  and  Dr. 


were  prosent. 

Following  the  Photo  Interpretation  Lab  presentation, 

Mr.  E.  T.  Ruppclt  spoke  for  about'  40  minutes  on  ATIC  methods  of 
handling  and  evaluating  reports  of  sightings  and  their  efforts  to 
improve  the  quality  of  reports.  The  meeting  was  adjourned  at  1715. 
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The  third  and  fourth  Meetings  of  tho  Panel  were  held  Thursday, 
15  January,  commencing  at  0900  with  a  two-hour  break  for  luncheon. 
Bosidcs  Panel  members  and  CjA  personnel,  Mr.  Kup2>olt  and  Dr. 
were  prosent  for  both  sessions.  In  the  morning,  Mr.  Rut, pelt  con¬ 
tinued  his  brief ing  on  ATIC  collection  and  analysis  procedures. 

The  Project  STORK  support  at  _ ^ _ _ 

was  described  by  Dr.  A. number  of  ease  historios  were  dis¬ 

cussed  in  detail  and  a  motion  picture  film  of  seagulls  was  shown. 

A  two  hour  break  for  lunch  was  taken  at  1200. 


THURSDAY  AFTFjiJOOW 

At  1400  hours  gave  a  40-minute  briefing  of 

Project  TWINKLE,  the  investigatory  project  conducted  by  the  Air 
Force  Meteorological  Rosoarch  Centor  at  Cambridge,  Mass.  In  this 
briefing  ho  pointed  out  tho  many  problems  of  setting  up  and  running 
24-hour  instrumentation  watches  of  patrol  cameras  searching  for 
sightings  of  U.F.O.'s. 

At  1615  joined  the  meeting  with 

-  ■  —  ■  -  ■■■■■■  ary.-jQ 

— — _ expressed  his  support  of  the  Panel's 

efforts  and  stated  three  personal  opinions: 

a.  That  greater  use  of  Air  Force  intelligence  officers  in 

the  field  (for  follow-up  investigation)  appeared  desirable, 
but  that  they  required  thorough  briefing. 
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b.  Thai  vigorous  effort  should  be  made  to  declassify  as  many 
of  tho  reports  as  possible. 

c.  That  some  increase  in  the  ATl'C  section  devoted  to  U.F.O. 
analysis  was  indicated. 

This  meeting  was  adjourned  at  1700. 

FRIDAY  HORNING 


The  fifth  soscion  of  the  Panol  convened  at  0900  with  the  same 
pcrsoiinol  present  as  enumerated  for  Thursday  (with  tho  exception 
of, _ 

From  0900  -  1000  there  was  general  discussion  end  study  of 
roforcnce  material.  Also,  ______  read  a  prepared  paper  miking 

cortain  observations  and  conclusions.  At  1000 _  g..vo  a 

briefing  on  his  fifteen  months  experience  in  Washington  as  Project 
Ofx'iccr  for  U.F.O.'s  and  his  personal  conclusions.  There  was 
considerable  discussion  of  individual  case  histories  of  sightings 
to  which  he  referred.  Following  _  presentation,  a 

number  of  additional  ease  histories  were  examined  and  discussed 

with  Messrs.  _  Ruppelt,  and  The  meeting  adjourned 

at  1200  for  luncheon. 


FRIDAY  AFTERNOON 

This  session  opened  at  1400.  Besides  Panel  members  and  CIA 
personnel,  Dr._  was  prosent.  Dr.  Lloyd  V.  Berknor,  as  Panol 
Member,  was  present  at  this  meeting  for  the  first  time.  Progress 
of  the  meetings  was  reviewed  by  the  Panel  Chairman  and  tentative 
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conclusions  reached.  A  genera]  discussion  followed  and  tentative 
recommendations  considered.  It  was  agreed  that  the  Chairman  should 
draft  a  report  of  the  Panel  to  that  evening  for  review  by  tho 

Panel  tho  noxt  morning.  Thu  mooting  adjourned  at  1715. 

SATURDAY  MORNING 


At  0945  the  Chairman  opened  the  seventh  session  and  submitted 
a  rough  draft  of  tho  Panol  Report  to  the  members.  This  draft  had 
been  reviewed  and  approved  earlier  by  Dr.  Berkner.  Tho  noxt  Wo 
and  ono-half  hours  were  consumed  in  discussion  and  revision  of  tho 
draft.  At  11C0  tho  joined  the  mooting  and  reported  that  he 

had  shown  and  discussed  a  copy  of  tho  initial  rough  draft  to 
tho  Director  of  Intelligence,  USAF,  whoso  reaction  was  favorable.  At 
1200  tho  meeting  was  adjourned. 

SATURDAY  AFTft-h’iOON 

At  1400  the  eighth  and  final  meeting  of  the  Panel  was  opened. 
Discussion  and  rewording  of  certain  sentences  of  the  Report  occupied 
the  first  hours.  (A  copy  of  tho  final  report  is  appended  as  Tab  C.) 
This  was  followed  by  a  review  of  work  accomplished  by  the  Panel 
and  restatement  of  individual  Panel  Member's  opinions  and  suggestions 
on  dotails  that  were  felt  inappropriate  for  inclusion  in  the  formal 
report.  It  was  agreed  that  the  writer  would  incorporate  these 
comments  in  an  internal  report  to  the  Tho  material  below 

represents  this  information. 
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AKD  SUGGESTIONS  OF  IV.ilKf, 


Tho  Panel  Members  wero  impressed  (as  have  boon  others,  includ¬ 
ing  personnel)  in  tho  lack  of  sound  data  in  tho  great  majority 

of  caco  histories;  also,  in  tho  lack  of  speedy  follow-up  due  primarily 
to  tho  modest  size  and  limitod  facilities  of  the  ATIC  section  concerned. 
Among  tho  case  historios  of  significant  sightings  discussed  in  detail 
wero  tho  following: 

Belief  on  taino,  Ohio  (l  August  1952);  Tremonton,  Utah  (2  July  1952); 
Great  Falls,  Montana  (15  August  1950);  Yaak,  Montana  (l  September 
1952);  Washington,  D.  C.  area  (19  July  1952);  and  lianeda  A.F.B., 
Japan  (5  August  1952),  Port  Huron,  Michigan  (29  July  1952);  and 
Presque  Isle,  Maine  (10  October  1952). 

After  review  and  discussion  of  theso  cases  (and  about  15  others, 
in  less  detail),  the  Panel  concluded  that  reasonable  explanations 
could  be  suggested  for  most  sightings  and  "by  deduction  and  scientific 
method  it  could  be  induced  (given  additional  data)  that  other  cases 
might  bo  explained  in  a  similar  runner".  The  Panel  pointed  out  that 
because  of  tho  brevity  of  some  sightings  (e.g.  2-3  seconds)  and  tho 
inability  of  tho  witnesses  to  express  themselves  clearly  (semantics) 
that  conclusive  explanations  oould  not  be  expected  for  every  case 
reported.  Furthermore ,  it  was  considered  that,  normally,  it  would 
be  a  great  waste  of  effort  to  try  to  solve  most  of  the  sightings, 
unless  such  action  would  benefit  a  training  and  educational  program 
(see  below).  Tho  writings  of  Charles  Fore,  were  referenced  to  show 
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that  "strange  things  in  the  shy”  had  been  recorded  for  hundreds  of 

years.  It  appeared  obvious  that  there  was  no  single  explanation 
for  a  majority  of  the  things  seen.  The  presence  of  radar  and  astro¬ 
nomical  specialists  on  tho  Pa  no!  proved  of  value  at  or.eo  in  their 

confident  recognition  of  phenomena  related  to  their  field-.  It  was 
**  * 

apparent  that  specialists  in  such  additional  fields  as  psychology, 
meteorology,  aerodynamics,  ornithology  and  military  air  oporations 
would  extend  the  ability  of  the  Panel  to  recognize  many  more  cate¬ 
gories  of  littlo-known  phenomena. 

ON  LACK  0?  DANGER 


Tho  Panel  concluded  unanimously  that  there  was  no  evidence  of 
a  direct  threat  to  national  security  in  tho  objects  sighted. 

Instances  of  "Foo  Fighters"  were  cited.  Theso  woro  unexplained 
phenomena  sighted  by  aircraft  pilots  during  V/orld  YJar  II  in  both 
European  and  Far  East  theaters  of  operation  wherein  "balls  of  light" 
would  fly  near  or  with  the  aircraft  and  maneuver  rapidly.  They  were 
beliovrd  to  bo  eloctrostatic  (similar  to  St.  Elmo’s  fire)  or  electro¬ 
magnetic  phenomena  or  possibly  light  reflections  from  ice  crystals 
in  the  air,  but  their  exact  cause  or  naturo  was  never  defined.  Both 
Robertson  and  had  been  concerned  in  the  investigation  of 

these  phenomena,  but  David  T.  Griggs  (Professor  of  Geophysics  at 
tho  University  of  California  at  Los  Angeles)  is  believed  to  have 
been  the  most  knowledgeable  person  on  this  subject.  If  the  term 
"flying  saucers"  had  been  popular  in  19*0  -  19*0,  these  objects  would 
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have  been  so  labeled.  It  vac  interesting  that  in  at  least  two 

eases  reviewed  that  the  object  sighted  vac  categorized  by  Robertson 

and  as  probably  "Foo  Fighters",  to  dato  unexplained  but  not 

{Humorous;  Lh,.y  v/ox-o  noL  liap^y  thus  to  diM.ii.se  the  sightings  by 

calling  the;  names .  It  vac  thoir  feeling  that  theso  phene, or,a  are 

not  beyond  tho  domain  of  present  knowledge  of  physical  sciences,  however. 


AIR  FORCE  PKiYNTING  SYSTEM 

It  was  the  Panel's  opinion  that  some  of  tho  Air  Force  concern 
over  U.F.O.'s  (notwithstanding  Air  Defence  Command  anxiety  over  fast 
radar  tracks)  was  probably  caused  by  public  preesuro.  Tho  result 
today  is  that  tho  Air.  Force  has  instituted  a  fine  channel  for 
receiving  reports  of  nearly  anything  anyone  secs  in  the  sky  and 
fails  to  understand.  This  has  been  particularly  encouraged  in  popu¬ 
lar  articles  on  this  and  other  subjects,  such  as  spaco  travel  and 
science  fiction.  Tho  result  is  the  mass  receipt  of  low-grade  reports 
which  tend  to  overload  channels  of  communication  with  material  quite 
irrelevant  to  hostile  objects  that  might  some  day  appear.  The  Panel 
agreed  generally  that  this  mass  of  poor-quality  reports  containing 
little,  if  ar\y,  scientific  data  was  of  no  value.  Quite  tho  opposite, 
it  v;as  possibly  dangerous  in  having  a  military  service  foster  public 
concern  in  "nocturnal  meandering  lights".  The  implication  being, 
since  the  interested  agency  was  military,  that  theso  objects  were 
or  might  be  potential  direct  threats  to  national  security.  Accord- 
ingly,  the  need  for  deemphasization  made  itself  apparent.  Comments 
on  a  possible  ciuciticnal  program  are  en’u  crated  below. 
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It  was  the  opinion  of  Dr.  Robertson  tint  tho  "e-iucor"  problem 
had  been  found  to  bo  different  in  nature  from  the  detection  and 
investigation  of  German  V-l  and  V-2  guided  missiles  prior  to  their 
operational  uso  in  Wor!l d  War  II.  In  this  ZL9’0  — 19* ^  ir.loll  i  gi-r.co 
operation  (CftOSSbCV/) ,  there  was  excellent  intelligence  and  by  June 
19*J^  there  was  material  ovidcnco  of  the  existence  of  "hardwaro" 
obtained  from  crashed  vehicles  in  Swoden .  This  evidence  gavo  tho 
investigating  tcom  a  basis  upon  which  to  oporatc.  Tho  abscnco  of  any 
"hardware"  resulting  from  unexplained  U.F.O.  sightings  lends  a  "will- 
of-thc  wisp"  nature  to  the  ATIC  problem.  Tho  results  of  thoir  investi¬ 
gation,  to  da to,  strongly  indicate  that  no  evidence  of  hostilo  act 
or  dangor  exists.  Furthermore,  tho  current  reporting  system  would 
have  little  valuo  in  the  caso  of  detection  of  enctny  attack  by  conven¬ 
tional  aircraft  or  guided  missiles;  under  such  conditions  "hardware" 

would  be  available  almost  at  once. 

© 

APTIFACTS  OF  EXTRATFtlRFSTRTAI.  03IGIU 

It  was  interesting  to  note  that  none  of  tho  members  of  tho 
Panel  were  loath  to  accept  that  this  earth  ndght  be  visited  by  extra¬ 
terrestrial  intelligent  beings  of  some  sort,  some  day.  What  they  did 
not  find  was  any  evidence  that  related  the  objects  sighted  to  space 


travelers.  Mr. 


in  his  presentation,  showed  how  he  had  elV- 


inated  each  of  the  known  and  probable  causes  of  sightings  leaving  him 
"extra-terrestrial"  as  the  only  one  remaining  in  many  cases.  ' 
background  as  an  aeronautical  cngincor  and  technical  intelligence 
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oiVicor  (Projoct  Officer,  DI.UKilOOK  for  15  months)  could  not  be 
slighted.  However,  tho  Panel  could  not  accept  any  of  the  eases 
cited  by  hir.  because  they  were  raw,  unevaluated  reports. 
Terrestrial  explanations  of  tho  rightin';:;  wore  snggostod  in  so-.o 
cases  ar.d  iij  others  the  time  of  sighting  was  so  short  as  to  cause 
suspicion  of  visual  impressions.  It  was  noted  by  Dr.  Goudsmit  and 
othors  that  extraterrestrial  artifacts,  if  thoy  did  exist,  are  no 
cause  fo"  alarm;  rather,  they  aro  in  the  realm  of  natural  phenomena 
subject  to  scientific  study,  just  as  cosmic  rays  were  at  the  time 
of  their  discovery  20  to  30  years  ago.  This  was  an  attitude  in 
which  Dr.  Robertson  did  not  concur,  as  ho  felt  that  such  artifacts 
would  bo  of  immediate  and  great  concern  not  only  to  the  U.  S.  but 
to  all  countrios.  (Nothing  liko  a  common  threat  to  unite  pooplcs!) 
Dr.  Pope  noted  that  present  astronomical  knowledge  of  the  solar 
system  makes  tho  existence  of  intelligent  beings  (as  we  know  the 
term)  else, .•here  than  on  the  earth  extremely  unlikely,  and  the 

r.ecntroiion  of  thei^  attention  by  any  control\ablo  means  confined 


co 


to  any  or.o  continent  of  tho  earth  quite  preposterous. 

TRHA—Oh,  UTAH.  SIGHTING 

This  case  was  considered  significant  because  of  the  excellent 
docu:.;.  nlary  evidence  in  the  form  of  Kodacl.romo  motion  picture  films 
(about  loOO  frames).  The  Fancl  studied  theso  films,  the  case  history, 
ATIC's  interpretation,  and  received  a  briefing  by  representatives  of 
the  U.).:  Pht>+  o  Interpretation  laboratory  on  thoir  analysis  of  the 
fil:*..  Vhi  s  -tear,  had  expended  (at  Air  Force  request)  approximately 
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1000  jfcir.-hours  or  professional  and  cub-professional  time  in  the 
preparation  of  graph  plots  of  individual  fr.arr.es  of  the  film,  show¬ 
ing  apparent  and  relative  motion  of  objects  and  variation  in  their 
light  intensity.  It  was  the  opinion  of  tho  P.I.T..  representatives 

that  the  objects  sighted  v;cre  not  birds,  balloons  or  aircraft, 

*• 

wore  "not  reflections  because  thero  was  no  blinking  while  passing 
through  6C°  of  arc"  and  w cro,  therefore,  "self-luminous".  Plots  of 
motion  and  variation  in  light  intensity  of  the  objects  wero  dis¬ 
played.  V/hilc  the  Panel  Members  were  impressed  by  the  evident 
enthusiasm,  industry  and  extent  of  effort  of  the  P.I.L.  team,  they  i 

could  not  .-cent  tho  conclusions  reached.  Some  of  the  reasons  for 
this  wore  as  follows: 

a.  A  scmi-sphcrical  objoct  can  readily  produco  a  reflection 
of  sunlight  without  "blinking"  through  60°  of  arc  travel. 

b.  Although  r.o  dat  .  available  on  the  "albedo"  of  birds  or 
polyothylono  balloons  in  bright  sunlight,  tho  apparent 
motions,  sizes  and  brightnossos  of  tho  objects  were 
considered  strongly  to  suggost  birds,  particularly  after 
the  Panel  viewed  a  short  film  showing  high  reflectivity 

of  seagulls  in  bright  sunlight. 

c.  P.I.L.  description  of  the  objects  sighted  as  "circular, 
bluish-white"  in  color  would  be  expected  in  cases  of 
specular  reflections  of  sunlight  from  convex  surfaces  where 
the  brilliance  of  the  reflection  would  obscure  other  portions 
of  the  object. 
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d.  Objv  :ts  ir.  the  Great  Falls  ease  wore  believed  to  have 

probably  boon  aircraft,  and  the  bright  lights  such  reflection.';. 

o.  Tncro  was  no  valid  reason  for  Iho  attcr.pt  to  relate  the  objects 
in  the  TrcMonton  sighting  to  those  in  tho  Croat  Fails  sight¬ 
ing*  This  Piay  havo  been  due  to  Misunderstanding  in  their 
»• 

directive.  The  objects  in  tho  Great  Falls  sighting  are 
strongly  suspected  of  being  reflections  of  aircraft  known  to 
havo  been  in  tho  area, 

f .  The  intensity  chango  in  the  Tremonton  lights  was  too  great 
for  acceptance  of  tho  P.l'.L.  hypothosis  that  the  apparent 
notion  and  changing  intensity  of  the  lights  indicated  extremely 
high  speed  in  small  orbital  paths. 

g.  Apparent  lack  of  guidance  of  investigators  by  those  familiar 
with  U.F.O.  reports  and  explanations. 

h.  Analysis  of  light  intensity  of  objects  made  from  duplicate 
rather  than  original  film.  The  original  film  was  noted  to 
have  a  much  lighter  background  (affecting  relative  brightness 
of  object)  and  tho  objocts  appeared  much  less  bright. 

i.  Method  of  obtaining  data  of  light  intensity  appeared  faulty 
because  of  unsuitability  of  equipment  and  questionable 
assumptions  in  making  avorages  of  readings. 

j.  No  data  had  been  obtained  on  the  sensitivity  of  Xodachrone 
film  to  light  of  various  intensities  using  the  same  camera 
typo  at  the  same  lens  openings. 
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k.  Li.  i  ’’ ji  i-Lcr"  frequencies  (obtainable  from  early  part  of 

Trenonlon  fill;.)  were  not  removed  from  the  plots  of  the 
"single  pass  plots"  at  the  end  of  the  faint. 

The  Panel  believed  strongly  that  the  data  available  on  this 
sighting  was  sufficient  for  positive  identification  if  further  data 

i* 

is  obtained  by  photographing  polyethylene  "pillow"  balloons  released 
near  the  silo  under  similar  weather  conditions,  chocking  bird  fl i ght 
and  reflection  characteristics  with  competent  ornithologists  ana' 
calculating  apparent  "G"  forces  acting  upon  objects  from  their  apparent 
tracks.  It  was  concluded  that  the  results  of  such  tests  would  prob¬ 
ably  1  c~d  to  creditablo  explanations  of  value  in  an  educational  or 
training  program.  However,  the  Panel  noted  that  tho  cost  in  technical 
manpower  effort  required  to  follow  up  and  explain  every  one  of  the 
thousand  or  more  reports  received  through  channels  cacn  year  (l,900  in 
1952)  could  not  be  justified.  It  was  felt  that  there  will  always  be 
si  ghting.s ,  for  which  compl  ete  data  is  lacking,  that  can  only  be 
explained  with  disproportionate  effort  and  with  a  Ion"  time  delay,  if 
at  all.  The  Ion"  delay  in  explaining  a  si -pit  in"  tends  to  eliminate 
ary  intelligence  value.  The  educational  or  training  program  should 
have  as  a  major  purpose  the  elimination  of  popular  feeling  that  every 
sights  -.g,  no  natter  hov,  poor  the  data,  must  be  explained  in  detail. 
Attention  should  be  directed  to  the  requirement  among  scientists  that 
a  r.e.:  phenomena,  to  bo  accepted,  must  be  completely  and  convincingly 
docun\.t;d.  In  other  words,  the  burden  of  proof  is  on  the  sighcer, 
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The  Panel  Members  wore  an  agreement  with  opinion  that, 
although  evidence  of  any  direct  threat  from  theso  sightings  was 
wholly  lacking,  related  danger.-#  might  veil  exist  resultin';  from: 

a.  Misidentification  of  actual  one..;/  artifacts  by  defense 

** 

personnel . 

b.  Overloading  of  emergency  reporting  channels  with  "false" 
infori.-r.tion  ("noise  to  signal  ratio"  analogy  -  Bd’kner). 

c.  Subjectivity  of  public  to  mass  hysteria  and  greater  vul¬ 
nerability  to  possible  enemy  psychological  warfare. 

Although  not  the  concern  of  CIA,  the  first  two  of  these  problems 
may  seriously  affect  tho  Air  Defense  intelligence  system,  and  should 
bo  studied  by  experts,  possibly  under  ADC.  If  U.F.O.'s  become  dis¬ 
credited  in  a  reaction  to  the  "flying  saucer"  scaro,  or  if  report¬ 
ing  channels  arc  saturated  with  false  and  poorly  documented  reports, 

our  capability  of  detecting  hostile  activity  will  be  reduced. 

* 

Dr.  Pago  noted  that  more  competent  screening  or  filtering  of  reported 
sightings  at  or  near  the  source  is  required,  and  that  this  can  best 
be  accomplished  by  an  educational  program. 

GEOGT.P.ilC  LOCATIONS  OP  Uii.vTI.ATMrD  STGHTIhGS 

The  map  prepared  by  ATIC  shovrir.g  geographic  locations  of  officially 
reported  unexplained  sightings  (195?  only)  v:as  examined  by  the  Panel. 
This  map  showed  clusters  in  certain  strategic  areas  such  as  Los  Alamos. 
This  might  be  explained  on  the  basis  of  24-hour  watchful  guard  and 
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awareness  o>  security  measures  near  such  locations.  On  tho  other 
hand,  there  had  been  no  sightings  in  tho  vicinity  of  sensitive 
related  An  cstaei ishments  while  there  wore  occasionally  multiple 
cases  of  unexplained  sight.? ng:;  an  nnn-r.tivit.ogj c  areas.  Furthermore, 
there  appeared  to  be  no  logical  relationship  to  population  centers. 
The  Panel  could  find  no  ready  explanation  for  these  clusters.  It 
was  noted,  however,  that  if  terrestrial  artifacts  were  to  bo  observed 


it  would  bo  l  ikely  that  they  v/ould  be  seen  first  near  foreign  areas 
rather  than  central  U.  S. 

IKSVaUP-  .TATj'OII  TO  OBTAIN  DATA 

The  Fancl  was  of  the  opinion  that  the  present  ATIC  program  to 
place  100  inexpensive  35  mm.  stereo  cameras  in  the  hands  of  various 
airport  control  tower  operators  would  probably  produce  little  val.a- 
ablo  data  related  to  U.F.O.'s.  However,  it  was  recognized  that 
such  action  would  tend  to  allay  public  concern  in  tho  subject  until 
an  educational  program  had  taken  effect.  It  was  believed  that  pro¬ 
curement  of  these  cameras  was  partly  tho  result  of  public  pressure 
in  July  1952.  With  the  poor  results  of  the  year-long  Project 
TWINKLE  program  of  2^-hours  instrumentation  watch  (two  frames  of 
film  showing  nothing  distinguishable),  a  widespread  program  of  sky¬ 
watching  would  not  be  expected  to  yield  much  direct  data  of  value. 

There  was  considerable  discussion  of  a  possible  "sky  patrol"  by 
amateur  astronomers  and  by  wide-angle  cameras  (Page).  Dr.  Page 

ar.d  Dr.  Robertson  pointed  out  that  at  present  a  considerable  fraction 
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of  the  .shy  is  now— and  has  been  for  many  years -under  surveillance 
overy  clear  night  in  several  meteor  ar.d  aurora  observing  programs  as 
veil  as  sky  mapping  programs  at  the  various  locations  listed  below . 
Although  the  attention  of  these  astronomers  is  largely  directed 
toward  identified  rather  than  unidentified  objects,  no  case  of  any 
striking  unidentified  object  is  known  to  Dr.  Pago  or  Dr.  Such 

an  object  would  most  certainly  bo  reported  if  found  on  patrol  plates. 

A  case  was  cited  where  an  astronomer  refused  to  interrupt  his 
oxposurc  in  order  to  photograph  an  alleged  sighting  in  a  different 
part  of  the  sky.  This  led  Dr.  to  say  that,  if  a  program  of 

watching  could  bo  an  adjunct  of  planned  astronomical  programs,  little 
cost  would  be  involved  and  that  the  trained  astronomical  personnel 
might,  photograph  a  sighting  of  an  unidentified  object. 

The  location  of  some  of  those  programs  and  their  directors  are 
bolieved  to  be: 

a.  Harvard  University,  Cambridge  and  Hew  Mexico  (meteor  patrol  1 — 
Whipple. 

b.  Ye.rkes  Observatory,  University  of  Chicago  and  Fort -Davis,  Texs 
(several  programs) — Kcinel  (auroras),  Kuiper  (asteroids), 
Morgan  (wide  angle  camera). 

c.  University  of  Alaska,  Fairbanks  (aurorae) — Flvey 

d.  Dominion  Observatory,  Ottawa  (meteors) — Mill  man 

e.  Pal  emir  Observatory,  California  (sky  map) --Minkowski 

f.  Lick  Observatory,  California  (sky  map)--Shsne 
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It  ng<s£ed  by  tho  Fancl  that  no  govornwcnt-nponsorod  program 

of  optical  nation-wido  sky  patrol  is  worthvjhilo  at  tho  present  time, 

and  that  the  encouragement  of  amatour  astronomers  to  undertake  such 

a  program  might  have  the  adverso  effect  of  over-em; .har.i 7. i ns  "flying 

saucer"  stories  in  the  public  mind.  However,  tho  issue  of  radar  scope 
»• 

cameras  for  recording  peculiar  radar  echoes  would  sorve  scvoral  pro¬ 
poses,  including  tho  better  understanding  of  radar  intcrfercnc  as 
veil  as  identification  of  U. P.O.’s. 

KADAR  PHOr-'.RI  OP  MUTUAL  INTKiKKRPNCE 

This  characteristic  problem  of  radar  operation  wherein  the  pulso 
signal  (of  approximately  the  same  frequency)  from  station  A  may  be 
picked  up  on  the  screen  of  station  B  and  show  as  a  high-speed  track 
or  series  of  dots  was  recognized  to  have  probably  caused  a  number  of 
U.P.O.  reports.  Tnis  problem  was  underlined  by  information  received 
indicating  ADC  concern  in  solving  this  problem  of  signal  identification 
before  service  use  of  very  high-speed  aircraft  or  guided  missiles 
(1955-1956).  Dr.  B  erkner  believed  that  one  answer  to  this  problem 
wa:>  the  uso  of  a  "doppler  filter"  in  the  receiving  circuit.  Dr. 
suggested  that  the  problem  might  be  better  solved  by  tho  use  of  a 
"controlled  jitter"  wherein  the  operator  receiving  "very  fast  tracks" 

(on  the  order  of  3 000-  10,000  m.p.h.)  would  opera to  a  circuit  which 
would  alter  slightly  his  station's  pulse  frequency  rate.  If  the  signal 
received  on  the  screen  had  been  caused  by  mutual  interference  with 
another  station,  the  track  would  no;:  shew  itself  at  a  different  distance 
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from  the  center  of  tho  screen,  if  it  still  appeared  at  all.  Dr. 

folt  such  a  technical  solution  was  simpler  and  would  cost  much  less  than 

a  "dopplcr  filter". 

UNEXPLAINED  COSMIC  RAY  PHENOMENA 

Two  reported  cases  vci-o  examined:  one  at  Palomar  Mountain,  California, 
in  October  19^9 »  vmcn  cosmic  ray  counters  v/unt  "off  scale  for  a  fev/  seconds", 
apparently  while  a  "V"  of  flying  saucers  was  observed  visually;  and  tv/o,  a 
sorios  of  observations  by  tho  "Los  Alamos  Bird  Watchers  Association"  from 
August  1950  to  January  1951 ,  when  cosmic  ray  coincidence  counters  behaved 
quocrly.  Circuit  diagrams  and  records  were  available  for  tho  latter,  and 

Dr.  _ _*was  able  quickly  to  point  out  that  the  recorded  data  wero 

undoubtedly  duo  to  instrumental  effects  that  would  have  been  recognized 
as  such  by  more  experienced  observers. 

Tho  implication  that  radioactive  effects  wore  correlated  with 
unidentified  flying  objects  in  these  two  cases  was,  therefore,  rejected 
by  tho  Panol. 

EDUCATIONAL  PROGRAM 

Tho  Panel's  concept  of  a  broad  educational  program  integrating 
efforts  of  all  concerned  agencies  was  that  it  should  have  two  major 
aims:  training  and  "debunking". 

The  training  aim  would  result  in  proper  recognition  of  unusually 
illuminated  objects  (e.g.,  balloons,  aircraft  reflections)  as  well  as 
natural  phenomena  (meteors,  fireballs,  mirages,  noctilucent  clouds). 

Both  visual  and  radar  recognition  arc  concerned.  There  would  be  many 
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levels  in  such  education  from  enlisted  personnel  to  command  and  research 
personnel.  Relative  emphasis  and  degree  of  explanation  of  different 
programs  would  correspond  to  the  categories  of  duty  (e.g.,  radar  operator 
pilots;  control  tower  operators;  Ground  Observer  Corps  personnel;  and 
officers  and  enlisted  men  in  otner  categories.)  This  training  should 
result  in  a  narked  reduction  in  reports  caused  by  misidentification 
and  resultant  confusion. 

The  "debunking"  aim  would  result  in  reduction  in  public  interest 
in  "flying  saucers"  which  today  ovokes  a  strong  psychological  reaction. 
This  education  could  bo  accomplished  by  mass  media  such  as  television, 
motion  pictures,  and  popular  articles.  Basis  of  such  education  would 
be  actual  case  histories  which  had  boon  puzzling  at  first  but  later 
explained.  As  in  the  case  of  conjuring  tricks,  thero  is  much  less 
stimulation  if  the  "socret"  is  known.  Such  a  program  should  tend  to 
reduce  the  current  gullibility  of  the  public  and  consequently  their 
susceptibility  to  clever  hostilo  propaganda.  The  Panel  noted  that  the 
general  absence,  of  Russian  propaganda  based  on  a  subject  with  so  many 
obvious  po:  ities  for  exploitation  might  ir.dicat  ■  a  possible  Russian 


official  policy. 

Members  of  the  Panel  had  various  suggestions  related  to  the  plan¬ 
ning  of  such  an  educational  program.  It  war.  felt  strongly  that 
psychologists  familiar  with  mass- psychology  should  advise  on  the  nature 
and  extent  of  the  program.  In  this  connection,  Dr.  Hadley  Cantril 
(Princeton  University)  was  suggested.  Cantril  authored  "Invasion  from 
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Kars,"  (a  study  in  the  psychology  of  panic,  written  about  the  famous 
Orson  Wollcs  radio  broadcast  in  193^)  and  has  sinco  performed  advanced 
laboratory  stulics  in  tho  field  of  perception.  The  namos  of  Don  I'arquis 
(University  of  Michigan)  and  loo  Boston  woro  montlonod  as  possibly 
suitable  as  consultant  psychologists.  Also,  somcono  familiar  with 
mass  communi cations  techniques,  perhaps  an  advertising  expert,  would  bo 
helpful.  Arthur  Godfrey  was  mentioned  as  possibly  a  valuable  channel 
of  communication  reaching  a  mass  audionce  of  certain  levels.  Dr.  Borkner 
suggested  tho  U.  S.  Navy  (ONR)  Special  Dovices  Contor,  Sands  Point,  L.  I., 
as  a  potentially  valuablo  organization  to  assist  in  such  an  educational 
program.  Tho  teaching  techniques  used  by  this  agency  for  aircraft 
identification  during  tho  past  war  was  cited  ar  an  cxamplo  of  a  similar 
educational  task.  The  Jam  Handy  Ct. .  which  made  World  War  II  training 
films  (motion  picture  and  slido  strips)  was  also  suggested,  as  well  as 
Walt  Disney,  Inc.  animated  cartoons.  Dr.  suggested  that  the 

amateur  astronomers  in  the  U.  S.  might  bo  a  potential  source  of  enthusi¬ 
astic  talent  "to  spread  tho  gospel".  It  was  believed  that  business 
clubs,  high  schools,  colleges,  and  television  stations  would  all  be 
pleased  to  coopcrato  in  the  showing  of  documentary  type  motion  pictures 
if  prepared  in  an  interesting  manner.  The  uso  of  true  cases  showing 
first  the  "irystory"  and  then  tho  "explanation"  would  be  forceful. 

To  plan  and  execute  such  a  program,  the  Panel  believed  was  no 
mean  task.  The  current  investigatory  group  at  ATIC  would,  of  nocessity, 
have  to  be  closely  integrated  for  support  wHh  respect  to  not  only  the 
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historical  cases  but  the  current  ones.  Recent  eases  arc  probably  much 
more  susceptible  to  explanation  than  oldor  ones;  first,  because  of 
ATIC' s  experience  and,  secondly,  their  knowledge  of  most  plausible 
explanations.  The  Panel  boliovod  that  somo  expansion  of  the  ATIC  e.fox’t 
would  certainly  be  required  to  support  such  a  program.  It  was  believed 
inappropriate  to  state  exactly  how  large  a  Tablo  of  Organization  would 
bo  required.  Captain  Ruppclt  of  ATIC  unofficially  proposed,  for  purports 
of  analyzing  and  evaluating  reports: 

a.  An  analysts'  panel  of  four  officers 

b.  Four  officer  investigators 

c.  A  briefing  officer 

d.  An  ADC  liaison  officer 

e.  A  weather  and  balloon  data  officer 

f.  An  astronomical  consultant 

g.  A  group  Leader,  with  administrative  assistant,  file  clerks  and 
stenographers. 

This  proposal  met  with  generally  favorable  comment.  The  Panol 
riev* d  that,  with  ATIC's  support,  tho  educational  program  of  "train¬ 
ing  and  debunking"  outlined  abovo  might  bo  required  for  a  minimum  of 
one  and  one-half  to  two  years.  At  tho  end  of  this  time,  the  dangers 
related  to  "flying  saucers"  should  have  been  greatly  reduced  if  not 
eliminated.  Cooperation  from  other  military  services  and  agencies 
concerned  (e.g. ,  Federal  Civil  Defense  Administration)  would  be  a 
necessity.  In  investigating  significant  cases  (such  as  the  Trementon; 
Utah,  sighting',  controlled  experiments  might  te  required.  An  example 
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Vfcnld  be  l.lic  photographing  of  "pillow  balloons"  at  different  distances 
under  similar  weather  conditions  at  the  site. 

The  holp  of  one  or  two  psychologists  and  writers  and  a  subcontractor 
to  produce  training  films  would  bo  necessary  in  addition.  The  Panel 
considered  that  A TIC's  efforts,  temporarily  expanded  as  necessary, 
could  be  most  useful  in  implementing  any  action  taken  as  a  result  of 
its  reeoici.cndations.  Expcricnco  and  x'ccords  in  ATIC  would  bo  of  valur 
in  both  the  public  educational  and  service  training  program  envisaged. 

Dr.  Robertson  at  least  was  of  the  opinion  that  after  public  gullibility 
lessened  and  the  service  organizations,  such  as  ADC,  had  been  trained 
to  sift  out  the  more  readily  explained  spurious  sightings,  there  would 
still  be  a  rolo  for  a  very  modest-sized  ATIC  section  to  cope  with  the 
residuum  of  items  of  possible  scientific  intelligence  valuo.  This 
section  shou?Ld  concentrate  on  energetically  following  up  (perhaps  on 
the  advice  of  qualified  Air  Force  Scientific  Advisory  Board  members) 
chose  cases  which  seemed  to  indicate  the  evidence  of  unconventional 
enemy  artifacts.  Reports  of  such  artifacts  would  be  expected  to 
arise  mainly  from  Western  outposts  in  far  closer  proximity  to  the 
Iron  Curtain  than  Lubbock,  Texas! 

IfliOFr  ICIAT  IWESTIGATIEG  GROUPS 

The  Panel  took  cognizance  of  the  existence  of  such  groups  as  the 
"Civilian  Flying  Saucer  Investigators"  (Los  Angeles)  ar.d  the  "Aerial 
Phenomena  Research  Organization  (Wisconsin)".  It  was  believed  that 
such  organizations  should  be  watched  because  of  their  potentially 
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great  influence  on  mass  thinking  if  widespread  sightings  should  occur. 
The  apparent 'irresponsibility  and  the  possible  use  of  such  groups 
for  subversive  purposes  should  be  kept  in  mind. 
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The  consensus  of  the  Panel  was,  based  upon  tho  history  of  the 
subject,  that  the  number  of  sightings  could  be  reasonably  expected 
to  increase  again  this  summer. 
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1.  Pursuant  to  tlic  request  _ _ _____ , 

__  _ ^  ,  the;,  undersigned  Panel  of  Scientific  Consultants  has  met  to 

evaluate  any  possiblo  threat  to  national  security  posed  by  Unidentified 
Flying  Objects  ("Flying  Saucers" )»  and  to  make  recommendations  tbeivon. 

The  Panel  has  received  the  evidence  ns  presented  by  cognizant  intelli¬ 
gence  agencies,  primarily  tho  Air  Technical  Intelligence  Center,  and  has 
reviewed  a  selection  of  tho  best  documented  incidents. 

2.  As  a  result  of  its  considerations,  tho  Panel  concludes: 
a.  That  tho  cvidcnco  presented  on  Unidentified  Flying 

Objects  shows  no  indication  that  those  phenomena  constitute 
a  direct  physical  threat  to  national  security. 

Wo  firmly  bolieve  that  there  is  no  residuum  of  cs.v.-s  which  indicates 
phenomena  v;hich  are  attributable  to  foreign  artifacts  capable  of  hostile 
acts,  and  that  there  is  no  evidence  that  tho  phenomena  indicates  a  need 
for  the  revision  of  current  scientific  concepts. 

3.  The  Panel  further  cor.cl nd~ s : 

a.  That  the  continued  emphasis  on  the  reporting  of 
these  phenomena  docs,  in  these  parlous  times,  result  in  a 
threat  to  the  orderly  functioning  of  the  protective  organs 
of  the  body  politic. 

We  cite  as  examples  the  clogging  of  channels  of  communication  by  irrelevant 
reports,  tho  danger  of  being  led  by  continued  false  alarms  to  ignore  real 
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indications  of  hostile  action,  and  the  cultivation  of  a  morbid  national 


psychology  in  which  skillful  hostile  propaganda  could  induce  hysterical 
behavior  and  harmful  distrust  of  duly  constituted  authority# 


4.  In  order  most  offoctivoly  to  strengthen  the  national  facilities 
for  the  timely  recognition  and  the  appropriate  handling  of  true  indications 
of  hostile  action,  and  to  minimize  the  concomitcnt  dangers  alluded  to 
above,  the  Panel  recommends: 

a.  That  the  national  security  agencies  take  immediate  steps 
to  strip  the  Unidentified  Flying  Objects  of  the  special  status  they 
have  been  given  and  the  aura  of  mystery  they  have  unfortunavdy 


acquired; 

b.  That  the  national  security  agencies  institute  policies 
on  intelligence,  training,  and  public  education  designed  to  prepare 
the  material  defenses  and  the  morale  of  tho  country  to  recognize 
most  promptly  and  to  react  most  effectively  to  true  indications 
of  hostile  intent  or  action. 

V;.:.  suggest  that  these  aims  may  be  achieved  by  an  integrated  program 
designed  to  reassure  the  public  of  the  total  lack  of  evidence  of  inimical 
forces  behind  the  phenomena,  to  train  personnel  to  recognize  and  reject 
false  indications  quickly  and  effectively,  and  to  strengthen  regular 
channels  for  the  evaluation  of  and  prompt  reaction  to  true  indications 


of  hostile  measures. 

J_pj_ H_._ P.  Robertson,  Chairman _ 

California  Institute  of  Technology 

/s /  Luis  VJ.  M varez 
University  of  California 


/si  Llcyd  V.  Berkner _ 

Associated  Universities,  Ir.c. 

/s/  S.  A.  Goudsmit _ 

Brookhaven  National  Laboratories 

/s/  Thornton  Pape _ 

Johns  Hopkins  University 
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TAB  B 

SCIENTIFIC  ADVISORY  I'ANEL  ON 
UNIDENTIFIED  FLYING  OBJECTS 

14  -  17  January  1953 


EVIDENCE  PRESENTED 

1.  Soverity-five  case  histories  of  sightings  1951  -  1952  (selected  by 
AT1C  s»  those  best  documented). 

2. -  ATIC  Status  and  Progress  Reports  of  Project  GRUDGE  and  Project 

BLUE  BOOK  (code  names  for  ATIC  study  of  subject). 

3.  Progress  Reports  of  Project  STORK _ _ k 

_  'contract  work  supporting  ATIC). 


4.  Summary  Report  of  Sightings  at  Holloman  Air  Force  Base,  New  Mexico. 

5.  Report  of  VSAF  Research  Center,  Cambridge,  Mass.,  Investigation  of 
"Green  Fireball"  Phenomena  (Project  TWINKLE). 

6.  Outlino  of  Investigation  of  U.F.O.'s  Proposed  by  Kirtland  Air  Force 
Base  (Project  POUNCE). 

7.  Motion  Picture  Films  of  sightings  at  Tremonton,  Utah,  2  July  1952 
and  Great  Falls,  Montana,  August  1950* 

8.  Summary  Report  of  89  selected  cases  of  sightings  of  various 
categories  (Formations,  Blinking  Lights,  Hovering,  etc.). 

9.  Draft  of  msnucl:  "How  to  Make  a  FLY03RPT",  prepared  at  ATIC. 

10.  Chart  Showing  Plot  of  Geographic  Location  of  Unexplained  Sightings 
in  the  United  States  during  1952. 

11.  Chart  Showing  Balloon  Launching  Sites  in  the  United  States. 

12.  Charts  Showing  Selected  Actual  Balloon  Flight  Paths  and  Relation 
to  Reported  Sightings. 

13.  Charts  Showing  Frequency  of  Reports  of  Sightings,  1948  -  1952. 

14.  Charts  Showing  Categories  of  Explanations  of  Sightings. 

15.  Kodachror.e  Transparencies  of  Polyethylene  Film  Balloons  in  Bright 
Sunlight  Showing  High  Reflectivity, 
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•16.  Motion  picture  of  seagulls  in  bright  sunlight  showing  high  reflectivity. 

17.  Intelligence  Reports  Relating  to  U.S.S.R.  Interest  in  U.  S.  Sightings. 

18.  Samples  of  Official  USAF  Reporting  Forms  and  Copios  of  Pertinent 
Air  Force,  Arny  and  Navy  Orders  Rolating  to  Subjoct. 

19.  Samplq  Polyethylene  "Pillow"  Balloon  (5^  inchos  square). 

20.  "Variations  in  Radar  Coverage",  Jj'.KP  101  (Manual  illustrating  unusual 
operating  characteristics  of  Service  radar). 

21.  Miscellaneous  official  lottors  and  foreign  intelligence  reports 
doaling  with  subjoct. 

22.  Copies  of  popular  published  works  doaling  with  subject  (articles 
in  periodicals,  nowspapor  clippings  and  books). 
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APPENDIX  V: 


THE  NATURAL  PHILOSOPHY  OF  FLYING  SAUCERS,  R.  V.  JONES 


•*1  could  more  easily  believe  that  two  Yankee  professors 
would  lie  than  that  stones  would  fall  from  heaven.”  If 
President  Thomas  Jefferson  could  say  this  so  unluckily  in 
1807,  what  should  we  say  today  to  the  contention  that  our 
eerth  is  visited  not  merely  by  stones  but  by  craft  manned  by 
intelligent  beings?  Jefferson's  disbelief  had  in  effect  already 
been  dealt  with  by  Chladni,  famous  for  his  vibrating  plates, 
in  a  battle  with  the  French  Academy  that  had  reached  its 
height  about  1790.  By  that  time,  as  Paneth  has  said,  men 
of  science  were  far  too  sophisticated  to  accept  such  yarns 
as  that  stones  should  fall  out  of  the  sky ;  but  Chladni,  who 
was  a  lawyer  as  well  as  a  scientist,  believed  from  his  legal 
experience  that  eyewitnesses  to  meteorite  falls  were 
genuinely  describing  a  natural  phenomenon.  After  a  10 
year  battle,  he  ultimately  convinced  the  French  Academy 
that  it  was  wrong,  and  that  meteorites  were  real. 

Perhaps  my  one  claim  to  be  writing  this  article  is  that  to 
tome  extent  I  share  Chladni’s  experience,  for  as  an 
Intelligence  Officer  I  had  often  to  investigate  the  evidence 
of  witnesses  when  it  conflicted  with  established  ‘science’, 
•nd  sometimes  it  was  the  ‘science’  that  was  wrong.  Let  me 
therefore  look  as  dispassionately  as  possible  at  the  charac¬ 
ter  of  the  evidence  regarding  ‘flying  saucers’.  The  phrase 
itself  dates  from  24  June  1947,  but  it  seems  that  the  appari¬ 
tions  to  which  it  refers  had  occurred  many  times  before 
then.  Whether  or  not  it  was  in  the  heavens  that  Ezekiel 
taw  his  wheels,  the  sky  was  a  sufficient  source  of  signs  for 
the  Roman  augurs  to  scan  it  in  their  prognostic  routine 
and  it  seems  to  have  encouraged  the  Emperor  Constantine 
handsomely  with  a  y-p  celestial  monogram  before  the 
battle  of  the  Milvian  Bridge.  In  the  same  tradition,  some 
of  us  can  remember  the  Angels  of  Mons. 

It  may  indeed  turn  out  that  apparitions  have  been  seen 
in  the  sky  as  long  as  human  records  have  been  kept.  In  his 
History  of  the  English  Church  and  People,  Bede  (735) 
described  what  would  today  almost  certainly  be  claimed 
as  flying  saucers;  and  I  remember  reading  an  1 1th  or  12th 
century  account  where  an  object  in  the  sky  had  caused 
“niultum  terrorem"  to  the  brothers  in  a  monastery.  And 
perhaps  for  almost  as  lorg,  the  tendency  of  humanity  to 
icare  itself  has  been  exploited  by  the  hoaxer.  I  have 
lead  that  Newton  as  a  boy  of  12  earned  much  alarm  in  his 
Lincolnshire  village  by  flying  a  kite  with  a  lantern  at  night. 

There  was  much  conce'n  in  England  in  1SS2  when  as 
objective  an  observer  as  E.  W.  Maunder  of  the  Royal 
Observatory  saw  what  he  considered  to  be  a  celestial 
visitor.  The  object  was  also  seen  on  the  Continent  by  a 
future  Nobel  I  aureate,  the  famous  speetroscopist  Zeeman. 
It  was  described  in  various  w  ays  —  ‘spinel! c  shaped',  ‘lib  a 
torpedo,  or  weaver’s  shuttle’,  ‘like  a  discus  seen  on  edge’ 
#nd  so  forth  It  was  said  to  glow  with  a  whitish  colour. 

Rj  Wit  on  2  lecture  yivSn  to  tie  North  Tavern  Or  iruh  of  the  Imtitute 
inj  SrM-oiy  ami  the  Ncwi.wrte  Astronomical  Soc’ety. 


From  measurements  made  on  it,  it  must  have  been  very 
large  —  perhaps  70  miles  long  and  situated  more  than 
100  miles  above  the  earth’s  surface.  Although  Maunder 
said  that  it  was  different  from  any  auroral  phenomenon 
that  he  bad  seen,  it  is  noteworthy  that  there  was  an  intense 
magnetic  storm  at  the  time,  coinciding  with  one  of  the 
largest  sunspots  ever  recorded.  It  is  therefore  likely  that 
Maundcr's  object  was  an  unusual  feature  of  an  auroral 
display.  There  was  another  scare  in  1897,  when  something 
like  a  winged  cigar  projecting  a  brilliant  light  from  its 
head  was  seen  over  Oakland,  California  (Fort  1941). 
Similar  objects  were  soon  seen  throughout  the  United 
States,  but  while  some  were  undoubtedly  the  work  of 
hoaxers,  the  cause  of  the  original  incident  remains  obscure. 

My  own  contact  with  the  subject  goes  back  to  about 
1925,  when  I  was  told  at  Oxted  in  Surrey  of  a  bright  light 
that  slowly  made  its  way  acioss  the  sky  every  night.  In 
fact,  I  knew  of  one  married  couple  who  sat  up  all  night 
watching  it.  It  was  Venus,  which  had  attracted  them  by  its 
brilliance;  they  had  never  before  noticed  that  all  the 
planets  and  stars  seem  to  move  across  the  sky.  Venus, 
indeed,  has  caused  much  trouble  through  the  years.  In 
1940  or  1941  there  was  an  alarm  that  the  Germans  had  a 
new  high  flying  aircraft,  because  this  was  what  was  re¬ 
ported  by  the  predictor  crew  of  an  antiaircraft  battery 
somewhere,  I  think,  in  the  Borders.  The  aircraft,  they  said, 
was  showing  a  light  and  they  had  determined  its  height 
with  their  rangefinder.  The  answer  was,  as  far  as  I  can 
remember,  26  000  ft  and  we  wondered  how  they  had 
managed  to  get  such  a  precise  measurement.  Investigations 
showed  that  this  was  the  last  graduation  on  their  range 
scale  and  that  what  they  had  tried  to  innge  upon  was,  once 
again,  Venus.  The  same  explanation  has  been  true  if 
several  flying  saucers  that  have  been  drawn  to  my  attention 
in  the  north  of  Scotland;  it  has  sometimes  been  possible 
to  predict  the  nights  on  which  reports  would  come  in, 
depending  on  whether  or  not  Venus  was  bright  and  visible 

It  is  necessary,  in  any  discussion  of  flying  saucers,  to 
consider  the  nature  of  the  evidence  concerning  them;  it 
may  therefore  be  relevant  if  l  recount  some  of  my  experi¬ 
ences  :n  similar  matters,  for  the  tensions  associated  with 
war  provided  fertile  ground  for  the  conception  of  appari¬ 
tions.  I  can  remember  the  Russians  with  the  snow  on  their 
boots  who  came  to  Britain  in  1914.  One  of  my  uncles  was 
among  the  hundreds  of  people  who  saw  them  although,  in 
his  case,  he  could  not  see  the  snow  because  they  were  in  a 
train  going  over  a  railway  bridge.  In  fact  no  detachment 
of  Russian  troops  ever  came  to  this  country.  Years  later 
I  was  told  the  explanation  by  the  Chief  of  our  Secret 
Service.  In  prewar  days  there  used  to  be  large  consign¬ 
ments  of  eggs  imported  from  Russia,  and  one  of  the  ports 
at  which  they  were  landed  was  Aberdeen.  An  agent  in 
Aberdeen  on  this  particular  occasion  sent  a  telegram  to  his 
London  headouarters  to  warn  them  that  the  eggs  had  been 
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anded  and  were  on  the  train.  With  telegraphic  economy 
he  sent  a  signal  such  as  “100000  Russians  now  on  way  from 
Aberdeen  to  London”  and  inadvertently  started  the 
legend. 

The  years  before  1939  were  full  of  stories  of  an  engine 
stopping  ray.  As  I  heard  the  story  in  1937  or  1938  it  was 
that  an  English  family  on  holiday  in  Germany  would  be 
travelling  in  a  car  when  its  engine  would  suddenly  fail, 
invariably  on  a  country  road,  and  usually  at  the  edge  of 
a  wood.  A  German  sentry  would  then  step  out  of  the  trees 
and  tell  them  that  there  were  special  tests  in  progress  and 
that  they  would  be  unable  to  proceed.  Some  time  later  he 
would  come  back  and  tell  them  that  it  was  all  right  for 
them  to  start  the  engine  again  and  the  engine  would 
immediately  fire  and  they  were  able  to  drive  off. 

By  this  time  I  was  becoming  concerned  with  Intelligence, 
and  one  of  my  tasks  was  to  ascertain  the  truth  about  the 
mysterious  rays.  At  about  the  same  time  someone  thought 
that  it  was  a  pity  that  the  Germans  should  have  a  mono¬ 
poly  in  the  story  and  a  parallel  story  was  deliberately 
spread,  hinting  that  we,  too,  had  a  ray.  Within  a  short 
time  we  in  Intelligence  were  flooded  out  with  stories  of 
similar  events  in  England.  We  were  astonished  at  the  cir¬ 
cumstantial  detail  that  the  public  had  added.  In  one 
instanc-,  said  to  have  occurred  on  Salisbury  Plain,  it  was 
no  ordinary  family  that  were  in  their  car,  but  a  family  of 
Quakers  —  and  Quakers,  it  was  added,  were  well  known 
for  te>!ing  the  truth. 

Eventually,  I  got  to  the  bottom  of  the  story.  The  places 
most  mentioned  in  Germany  were  the  regions  around  the 
Brocken  in  the  Harz,  and  the  Feldberg  near  Frankfurt. 
These  were  the  sites  of  the  first  two  television  towers  in 
Germany.  A  Jewish  radio  announcer  at  Frankfurt  who 
escaped  to  this  country  was  at  first  puzzled  when  I  told 
him  the  story  and  then,  with  a  chuckle,  he  told  me  that 
he  could  see  how  it  had  happened.  In  the  days  before  the 
television  transmitters  had  been  erected,  the  engineers 
made  field  strength  surveys,  but  these  surveys  were  ren¬ 
dered  difficult  by  interference  from  the  engines  of  motor 
vehicles.  Under  an  authoritarian  regime  such  as  that  of  the 
Nazis  it  was  simple  to  eliminate  this  trouble  by  stopping 
all  cars  in  the  area  around  the  survey  receiver  for  the 
period  of  the  test.  Sentries,  who  were  probably  provided 
by  the  German  Air  Force,  were  posted  on  the  roads,  and 
at  the  appointed  hour  would  emerge  and  stop  all  vehicles 
At  the  end  of  the  test  they  would  then  give  the  drivers 
permission  to  proceed.  It  only  required  a  simple  transposi¬ 
tion  in  the  story  as  subsequently  told  by  a  driver  for  the 
vehicle  to  have  stopped  before  the  sentry  appeared,  giving 
rise  to  a  two  year  chase  after  the  truth. 

The  beginning  of  the  second  World  War  took  me  for  a 
few  weeks  to  Harrogate,  where  part  of  the  Air  Ministry 
was  evacuated.  I  soon  saw  a  flying  saucer.  It  was  high  in 
the  blue  of  a  clear  midday  sky,  gleaming  white,  and  appear¬ 
ing  hardly  to  move.  Everyone  stopped  to  watch  it,  but  it 
was  merely  an  escaped  balloon.  Such  objects  appeared 
throughout  the  war  and  were  even  reported  by  fighter 
pilots  who  tried  Jo  intercept  them,  only  to  find  that  the 
objects  were  too  high.  There  were  indeed  enough  such 
incidents  for  part  of  the  Intelligence  Organization  to  sup¬ 
pose  that  the  Germans  had  developed  a  special  high  flying 
version  of  the  Junkers  S6  aircraft  known  as  the  Ju  86P, 
P  indicating  that  the  cabin  was  pressurized  (an  unusual 
step  in  those  days)  for  the  crew.  It  was  further  supposed 
that  these  Ju  S6l’s  were  flying  photographic  reconnaissances 
of  this  country  and  that  we  were  powerless  to  intercept 
them.  1  doubt  in  fact  whether  any  such  reconnaissances 
were  made  —  certainly,  and  very  surprisingly,  there  was 


no  photographic  reconnaissance  of  London  by  the  Ger« 
mans  from  10  January  1941  until  10  September  1944  when 
the  Me  262  jet  became  available. 

1940  was  a  grand  time  for  scares.  Many  people  saw  flares 
fired  up  by  Fifth  Columnists  to  guide  the  German  bombers 
to  their  targets;  I  even  had  an  eyewitness  account  from  an 
RAF  friend  who  had  worked  with  me  in  finding  the  Ger¬ 
man  navigational  beams.  I  was  involved  in  a  hunt  for 
Fifth  Columnists  in  Norfolk  in  which  the  details  were  far 
more  convincing  than  those  of  any  Flying  Saucer  story 
that  I  have  encountered  but  the  explanation  turned  out  to 
be  quite  innocent.  Happily,  observations  of  curious  lights 
were  not  confined  to  one  side.  I  was  delighted  to  watch 
the  pilots  of  Kampfgruppe  100  (the  ‘crack’  beam  bombing 
unit  of  the  German  Air  Force)  conduct  a  three  week  test 
of  a  theory  that  our  Observer  Corps  was  indicating  the 
presence  of  German  bombers  to  our  fighters  by  switching 
on  red  lights  whenever  a  German  bomber  was  overhead. 
At  the  end  of  the  check  the  Kgr  100  crews  reported  that 
they  had  confirmed  the  observation,  despite  the  fact  that 
we  were  doing  no  such  thing. 

Air  crew,  because  of  the  intense  strain  involved,  ap¬ 
peared  to  be  especially  susceptible  to  apparitions.  Air 
Commodore  Helmore,  one  of  our  ablest  pilots  in  World 
War  I,  recalled  to  me  in  1939  that  he  and  his  contempor¬ 
aries  had  been  scared  of  a  particular  kind  of  German 
antiaircraft  shell  which  burst  with  a  purple  flash.  The 
legend  was  that  these  shells  somehow  radiated  venereal 
disease  —  one  can  only  guess  at  the  chain  of  events  that 
led  up  to  these  speculations. 

In  World  War  11  our  bomber  crews  repeatedly  reported 
that  they  were  shadowed  by  German  single  engine  night 
fighters  carrying  yellow  lights  in  their  noses.  The  oddness 
of  this  observation  was  that,  apart  from  the  difficulty  of 
putting  a  light  in  the  nose  of  a  single  engine  aircraft,  there 
were  at  that  time  no  German  single  engine  fighter  s  flying 
at  night.  No  one  ever  completely  explained  the  story. 
When  I  did  get  a  chance  to  ask  a  German  nightfighter  crew 
whether  they  knew  what  the  explanation  was  they  said 
that  they  also  knew  that  no  single  engine  fighters  were 
flying  but  that  they  had  seen  much  the  same  thing  as  I 
described  to  them.  American  aircraft,  later  in  the  war,  also 
saw  what  may  have  been  the  same  phenomenon,  both  over 
Europe  and  over  Japan.  One  theory,  advanced  by  Pro¬ 
fessor  Menzcl  (1953),  who  has  studied  such  incidents  in 
detail,  is  that  it  may  have  been  some  effect  of  light  reflected 
from  condensation  in  wing  tip  eddies. 

Another  of  the  aircrew  theories,  which  ultimately  did  us 
very  great  harm,  was  that  the  control  of  German  search¬ 
lights  was  mysteriously  put  out  of  action  if  our  bomber 
switched  on  its.  radar  identification  device.  Some  of  our 
most  experienced  and  cool  headed  pilots  believed  this 
story,  although  one  could  see  that  it  was  ridiculous.  Even 
if,  by  some  accident,  the  German  radar  control  had  been 
upset  originally  by  the  radiation  from  our  identification 
set,  the  Germans  would  very  clearly  have  remedied  the 
defect  and  used  the  radiation  from  our  set  as  a  means  of 
identifying  and  locating  our  bombers  —  for  wc  had 
thereby  presented  them  with  the  answer  to  one  of  the  most 
difficult  problems  in  combat,  that  of  getting  your  enemy 
positively  to  identify  himself.  They  indeed  exploited  this 
technique  towards  the  end  of  the  war  when  their  main 
radar  equipment  was  jammed,  and  it  cost  us  many 
bombers  before  wc  persuaded  the  Command  that  it  must 
get  the  l!:l  rets  switched  off.  There  was  another  story  that 
a  beer  bottle  thrown  out  of  a  bomber  would  defeat  the 
German  radai,  and  I  can  remember  lord  Chcrwell's 
humorous  question  "Must  it  be  a  freshly  opened  bottle?" 
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being  solemnly  recorded  in  the  minutes  of  a  War  Cabinet 
discussion. 

I  had  often  to  assess  the  evidence  of  eyewitnesses  but 
even  when  these  were  observers  who  were  anxious  to  help 
us,  it  was  sometimes  surprising  how  much  in  error  their 
descriptions  could  be.  I  received,  for  example,  three  i  .ports 
within  a  few  weeks  of  one  another  in  1941  regarding 
German  constructional  activity  on  Mont  Pin;on  in  Nor¬ 
mandy.  One  report  said  that  it  was  an  underground 
aerodrome,  the  second  that  it  was  a  long  range  gun  and 
the  third  that  it  was  a  radio  mast  about  1 100  ft  high.  Faced 
with  such  diversity,  I  guessed  that  none  of  these  descrip¬ 
tions  was  correct  but  that,  from  the  site,  the  construction 
was  probably  a  radio  navigational  beam  station,  with  an 
aerial  (which  was,  incidentally,  about  40  ft  high)  which 
could  be  rotated  on  a  turntable  of  about  100  ft  diameter 
Photographic  reconnaissance  showed  that  my  guess  was 
correct;  it  also  illustrated  a  more  general  point  that  wit¬ 
nesses  were  usually  right  when  they  said  that  something 
had  happened  at  a  particular  place,  although  they  could 
be  wildly  wrong  about  what  had  happened. 

Another  example  that  occurred,  not  to  me  but  to  Pro¬ 
fessor  Charles  Kittel,  the  American  solid  state  physicist, 
may  also  be' salutary.  He  and  a  British  theoretical  physicist 
were  given  the  problem  of  establishing  the  pattern  on  which 
the  Germans  laid  their  mines  at  sea,  the  principal  evidence 
being  derived  from  the  reports  of  minesweeper  crews  re¬ 
garding  the  range  and  bearing  of  the  mines  as  they  were 
exploded  by  the  passage  of  minesweepers.  Kittel  proposed 
to  go  on  a  minesweeping  sortie,  to  get  the  feel  of  the 
evidence.  His  British  counterpart  refused  to  go,  on  the 
grounds  that  since  they  would  only  be  making  one  trip  the 
evidence  that  they  were  likely  to  obtain  would  be  highly 
special  to  that  particular  trip  and  might  colour  their 
general  judgement.  Kittel  at  once  found  out  the  surprising 
fact  that  the  reports  of  the  crews  were  completely  unrt  ■- 
able  as  regards  range  and  bearing  estimation,  and  that  t’ s 
only  part  of  the  evidence  on  which  he  could  rely  was 
whether  the  explosion  had  occurred  to  port  or  starboard. 
I  believe  that  he  managed  to  solve  the  problem  of  the 
pattern  on  this  evidence  alone,  but  that  his  colleague  re¬ 
mained  perplexed  until  the  end  of  the  war  through  accept¬ 
ing  the  ranges  and  bearings  as  accurate. 

I  have  made  this  discursion  into  some  of  my  war 
experience  because  it  is  relevant  to  the  flying  saucer  story 
in  that  it  illustrates  the  difficulty  of  establishing  the  truth 
from  eyewitness  reports,  particularly  when  events  have 
been  witnessed  under  stress.  I  do  not,  of  course,  conclude 
that  eyewitness  reports  must  be  discarded;  on  the  con¬ 
trary,  excluding  hoaxers  and  liars,  most  witnesses  have 
genuinely  seen  something,  although  it  may  be  difficult  to 
decide  from  their  descriptions  what  they  really  had  seen. 

The  end  of  the  war  brought  me  an  experience  that  was 
directly  connected  with  the  Hying  saucer  problem.  In  fact, 
although  the  term  was  invented  in  America  as  the  result  of 
something  seen  by  Kenneth  Arnold,  piloting  a  private 
plane  near  Mt  Ranicr  on  24  June  1947,  the  modern  scare 
about  strange  celestial  objects  started  in  Sweden  early  in 
1946. 1  was  Director  of  Intelligence  on  the  Air  Staff  at  the 
time  and  I  had  to  decide  whether  or  not  there  was  any¬ 
thing  in  the  story.  I  am  not  sure  of  the  incident  that  started 
it  off,  but  the  general  atmosphere  was  one  of  apprehension 
regarding  the  intentions  of  the  Russians,  now  that  their 
post-war  attitude  was  becoming  clear.  It  was,  for  example, 
the  time  of  Winston  ChutchiU's  'iron  curtain'  speech.  At 
any  rate,  a  number  of  stories  began  about  people  seeing 
things  in  the  sky  over  Sweden,  and  this  gained  such  volume 
that  the  Swedish  General  Stall'  asked  the  population  in 


general  to  keep  its  eyes  open.  The  result,  of  course,  was 
an  immediate  spate  of  reports.  Many  of  these  could  be 
quickly  dismissed  by  explanations  such  as  wild  geese  seen 
at  i  distance,  but  one  or  two  were  so  widely  reported 
that  they  must  have  been  something  more  unusual. 

Some  of  the  technical  officers  on  my  staff  were  quite 
convinced  and  subscribed  to  the  Swedish  explanation  that 
the  objects  were  long  range  flying  bombs  being  sent  over 
Sweden  by  the  Russians.  Even  such  a  cool  headed  judge 
as  Field  Marshal  Smuts  was  convinced  enough  to  refer 
to  them  in  a  broadcast  talk  as  evidence  of  the  Russian 
threat.  Tne  belief  was  strongly  aided  by  w  hat  I  think  must 
have  been  two  unusually  bright  meteors,  which  were 
clearly  visible  in  daylight.  One  of  these  led  to  many  reports 
almost  simultaneously,  from  a  wide  area  of  Sweden;  an 
enthusiastic  Intelligence  officer  joined  all  tne  reports  up 
into  one  track  according  to  the  times  of  the  individual 
reports  and  this  track  seemed  to  show  that  the  object 
sometimes  hovered  and  sometimes  flew  for  hundreds  of 
miles  within  half  a  minute.  What  he  had  failed  to  notice 
was  that  almost  every  report  said  that  the  object  had  been 
seen  to  the  cast  of  the  observer,  and  this  would  have  been 
impossible  if  his  track  was  genuine.  The  explanation,  of 
course,  was  that  the  individual  times  of  sighting  that  were 
reported  represented  the  scatter  of  errors  in  the  individual 
watches  of  the  observers,  and  that  they  had  all  been  wit¬ 
nessing  one  event;  this  was  a  large,  bright  meteor  that  had 
appeared  over  the  Gulf  of  Finland. 

However,  such  a  simple  explanation  did  not  satisfy 
some  of  my  officers,  who  clearly  disapproved  of  my 
scepticism.  I  pointed  out  to  them  that  since  we  had  two 
years  before  studied  the  behaviour  of  German  flying  bombs, 
we  knew  the  order  of  reliability  of  such  missiles,  which 
was  such  that  10%  or  so  would  come  down  accidentally 
through  engine  failure.  The  Russians  were  supposedly 
cruising  their  flying  bombs  at  more  than  twice  the  range 
that  the  Germans  had  achieved,  and  it  was  unlikely  that 
they  were  so  advanced  technologically  as  to  achieve  a 
substantially  greater  reliability  at  200  miles  than  the 
Gerrr  ns  had  reached  at  100  miles.  Even,  therefore,  if  they 
v  re  ci.iy  trying  to  frighten  the  Swedes,  they  could  hardly 
•  elp  it  if  some  of  their  missiles  crashed  on  Swedish  terri- 

•  The  alleged  sightings  over  Sweden  were  now  so  many 
tl.«  en  giving  the  Russian  the  greatest  possible  credit 
for  reliability,  there  ought  to  be  at  least  10  missiles  already 
cr;  s-.-d  in  Sweden.  I  would  therefore  only  believe  the 
story  if  someone  brought  me  in  a  piece  of  a  missile. 

i  did  not  have  to  wait  long.  The  other  Director  of 
Intelligence  on  i,  .  Air  Staff,  an  Air  Commodore  who 
tend'd  tc  sic!,  will  those  who  believed  in  the  story,  tele¬ 
phone n  .  tc  say  hat  hile  the  Swedes  had  not  actually 
picked  a  cra.hco  r-isulc,  someone  had  seen  objects  fall 
fror  ne  of  tie  missiles  and  had  collected  them.  The 
Swco.di  v. .-al ..  :affhanJcd  them  to  us  for  examination; 
they  were  a  no  iar.;.eur  collection  of  irregular  lumps  of 
material.  1  he  p.  '  e  1  remember  best  was  perhaps  three 
inches  '>i'ross,  grey,  ^  rous  and  shiny,  and  with  a  density 
not  -  mete  than  that  of  water.  Charles  Frank  (now 
Fi .  '  F  'ui'k  of  Bristol)  and  I  looked  at  it  and  at  one 

anot  and  laughed;  but  since  wc  had  been  set  a  silly 
probk  wc  thought  that  wc  would  deal  with  it  in  a  suit¬ 
able  manner,  and  so  wc  sent  the  collection  of  specimens 
to  the  chemical  department  at  Farnborough  for  a  formal 
analysis.  Wc  did  not  foresee  the  scare  that  was  then  to 
arise;  Farnborough,  instead  of  sending  the  report  of  their 
analysis  directly  back  to  us,  sent  it  to  the  technical  officers 
who  were  among  the  believers. 

My  Air  Commodore  friend  telephoned  me  to  say  that 
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he  now  had  the  Farnborough  report  and  that  it  sub¬ 
stantiated  the  idea  that  the  specimens  had  come  from  some¬ 
thing  quite  mysterious,  because  one  of  them  contained 
over  98%  of  an  unknown  chemical  element.  It  was  the 
grey  porous  specimen  that  was  the  cause  of  the  trouble; 
Farnborough  had  analysed  it  for  such  elements  as  iron, 
manganese  and  so  forth  and  had  found  traces  of  all  of 
them  adding  up  to  less  than  2%.  The  remaining  98%  they 
bad  been  unable  to  identify.  Charles  Frank  and  I  were 
delighted.  I  telephoned  the  head  of  the  chemical  depart¬ 
ment  at  Farnborough  (now  a  Fellow  of  the  Royal  Society) 
and  asked  him  whether  he  really  believed  in  the  analysis 
that  his  Section  had  done.  When  he  said  that  he  did,  I 
asked  him  how  he  could  be  satisfied  with  an  analysis  that 
left  98%  of  the  substance  unidentified,  and  he  agreed  thai 
it  was  rather  a  puzzle.  I  then  asked  him  whether  'hey  had 
tested  for  carbon.  There  was  something  of  an  explosion  at 
the  other  end  of  the  telephone.  Carbon  would  not  have 
shown  up  in  any  of  the  standard  tests,  but  one  had  only 
to  look  at  the  material,  as  Charles  Frank  and  I  had  done, 
to  sec  that  it  was  a  lump  of  coke. 

These  were  the  only  specimens  that  were  ever  claimed  to 
have  come  from  a  Russian  flying  bomb,  and  the  story  might 
then  have  died.  Rut  by  this  time  it  had  gone  round  the 
world  and  we  received  a  signal  from  the  British  miss:on  in 
Tokyo  because  General  MacArthur  had  asked  them  to 
enquire  into  the  story  that  a  missile  had  fallen  in  England 
during  the  previous  few  weeks.  The  same  Air  Commodore 
telephoned  me,  asking  how  he  should  reply  to  the  signal. 
1  told  him  that,  so  far  as  1  knew,  nothing  luce  a  missile  had 
fallen  in  England  since  the  end  of  the  war,  and  to  this  he 
ttflicd-  “Wed,  it  might  i *  up  witf  the  Westettotft 
incident.”  When  I  asked  him  what  Westerham  incident, 
he  said:  "Good  God,  I  was  supposed  not  to  tell  you  about 
that."  And  then,  of  course,  he  had  to  tell  me. 

It  transpired  that  on  the  previous  Saturday  one  of  my 
technical  officers  had  received  a  telephone  call  from  a  man 
who  said  that  his  name  was  Gunyon,  and  that  one  of  these 
newfangled  contraptions  had  fallen  out  of  the  sky  into  one 
of  his  fields,  and  that  he  thought  it  was  the  Air  Ministry’s 
business  to  come  and  remove  it.  The  technical  officer  con¬ 
cerned  happened  to  be  one  cf  the  believers  and  he  saw  a 
chance  of  convincing  his  Director  that  the  Russian  flying 
bomb  really  existed.  He  therefore  asked  farmer  Gunyon 
how  to  find  his  farm,  and  was  told  that  if  one  drove  from 
Croydon  to  Westerham  one  should  look  out  for  a  public 
bouse  called  ‘The  White  Dog’  and  drive  up  the  lane  beside 
it,  and  that  the  farm  was  at  the  end  of  the  lane.  The 
technical  intelligence  resources  of  (he  Air  Ministry  wrre 
immediately  mobilized  and  the  two  staff  cars  ful’  of 
officers  set  ofT  to  find  farmer  Gunyon.  When  they  got  into 
the  right  area,  they  were  disappointed  to  find  no  public 
house  of  the  right  name.  But,  being  good  Intelligence 
officers,  they  realized  that  the  name  may  have  bceo  mis¬ 
heard  over  the  telephone.  They  therefore  cnquir.d  whether 
there  were  any  public  houses  with  similar  names,  and  they 
were  soon  directed  to  one  called  ’The  Whitv  Hart’.  They 
were  beginning,  in  any  event,  to  need  a  drink,  and  the* 
asked  the  publican  ••  licthcr  he  knew  wherr  farmer  Gunyam 
lived.  The  pubkeeper  did  n^t  know  anyone  by  the  nan'-.;  of 
Gunyon  but,  again,  they  asked  whether  he  knew  of  any¬ 
one  with  a  name  that  they  could  have  mlstakci'  for  Gunyon 
over  the  telephone.  Happily,  he  did.  There  was  a  firmer 
called  Bunyan  about  three  miles  over  the  hid,  and  <lm 
astonished  man  duly  received  th|  full  farce  of  Air  Tec a 
nical  Intelligence.  Ultimately,  hr  satisfied  them  that  he  had 
not  telephoned  ll  e  Air  Ministiy  and  thai  all  his  field-  were 
in  4„.  '  o:d...  TI..y  r _ a  e,  fedly  to  1  ond>.*B.  On  the 


way,  in  seeking  an  explanation,  they  concluded  that  their 
Director  had  decided  to  have  some  fun  with  them  and  had 
made  them  waste  their  Saturday  on  a  wild  goose  chase, 
just  to  teach  them  a  lesson  for  their  credulity.  The  onl’ 
satisfaction  left  to  them,  they  thought,  was  not  to  lef  th  -ir 
Director  know  how  well  he  had  succeeded,  and  they  '.tad 
therefore  decided  that  they  would  not  tell  me  wha'  had 
happened.  Although  I  appreciated  their  respect  in  jiving 
me  credit  for  such  a  happy  hoax,  I  had  in  fact  no'hing  to 
do  with  it,  and  I  s'dl  do  not  know  who  thought  oV  it  Even 
after  that,  some  still  believed  in  a  Russian  fly  mg  bomb, 
but  the  scare  in  Sweden  and  Britain  gradually  died  down. 

Even  so,  the  Swedish  stare  had  sensitized  the  western 
world  so  much  that  Kenneth  Arnold's  194'7  story  set  up  a 
secondary  scare  in  America  that  quickly  overshadowed  the 
primary  source.  Arnold  was  flying  his  own  aircraft  near 
Mt  Ranier  in  Washington  State  on  2 !  June,  vvhen  he  saw 
"a  chain  of  small  saucer-like  things  a'  least  five  mile?  long 
swerving  in  and  out  of  the  high  mruntain  peaks”.  There 
is  no  reason  to  doubt  that  Arnold  genuinely  saw  someth:. m 
but,  as  D.  H.  Menzel  has  sugges'ea,  it  may  have  been  i.o 
more  than  snow  swirling  off  the  peaks  or  small  cloua: 
forming  over  them.  Arnold’s < .o-y  triggered  off  ti  wave  '.■* 
s:ghtings,  with  saucers  appearing  almcrt  daily  over  one 
part  or  the  other  of  the  Ur.itcd  States  and  .-iAC**  ilv  Rus¬ 
sians  were  at  that  time  considered  incapable  -f  rw  -  inj 
apparitions  cruise  at  such  a  long  range,  some  ..'ine*  odj.in 
had  to  be  found.  The  United  Stales  An  Force  went  f.ven 
further  than  the  Ro/n  Air  Force  hud  done  an.'  set  up  an 
official  investigation  T'oject  Saucer  on  22  January 
(this  was  succeeded  in  February  1949  by  ‘Project  Grudge’ 
wd  in  Maccb  by  Tnject  Blwbw*’,  whirl’  wizvi-.*  i 
today).  Eventua.iy,  in  January  19JJ,  a  special  Panel  unde: 
CIA  and  USA'-'  auspices  was  called  to  assess  the  evidence 
The  Chairman  of  ihe  Panel  was  H.  P.  Robertson,  the 
distinguish,  j  •elatfcist,  and  with  him  were  L.  W.  Alvarez, 
L  V.  Berk.u  S.  A.  Goudtrri*  and  T.  L  Page.  They  con¬ 
cluded,  briefly,  that  three  was  tin  evidence  for  any  "arte¬ 
facts  of  n  hostile  foreign  power’’,  and  that  there  should 
be  a  “Jrhutd.mg  of  the  flying  saucers”. 

The  verdict,  of  the  HobcdScn  Pant!  did  nuch  to  restore 
a  ct  it  teal  view  of  flying  sauce:  sP'rlrs  and  to  offset  the 
effom  of  publicity  seeking  charlatans;  hut  the  [kmc!  could 
not,  of  coarse  queii  the  enthusiasts  who  claimed  to  discern 
ir.  its  conclusion*  a  range  of  motives  that  included  the 
‘whitewashing’  cf  the  United  States  Air  Foret  and  i*s  in¬ 
ability  to  cope  with  the  invaders,  celestial  or  otiicuvisc 
(others  even  postulated  that  the  unfortunate  U  ••A!"  had 
itself  started  the  fiying  saucer  stories  by  trying  out  a  new 
secret  weapon).  If  I  may  interject  a  personal  comment 
here,  it  happens  that  1  knew  ll.  P.  Robertson  well;  he  was 
the  representative  appointed  in  19-H  by  the  American. 
Chiefs  of  Staff  to  deride  whe4»  or  not  v.c  in  Britain  were 
being  hoaxed  by  the  German  regarding  the  existence  of 
the  VI  flying  bomb.  He  was  is##eu:ate!y  convinced  by  our 
evidence, and  we  owe  him  much,  troth  for  his  personal  help 
and  for  the  promptness  of  the  American  technical  support 
that  followed  his  conclusion,  lie  wav  always  as  anxious  r.' 
anyone  I  know  to  cvtaldish  the  truth,  and  he  would  never 
have  made  an  attempt  to  supp. css  if  if  it  proved  unpalat¬ 
able;  the  same  is  iru<.  of  tlvr  other  members  or  his  Panel 
who  are  known  to  me.  Neve  theicss,  their  findings  have 
recently  been  criticized  again,  ospeviafy  by  a  distinguished 
meteorologist,  Dr  Janies  E.  Mcl)<vii..ld  (l%7)  of  tin 
University  of  Arizona  and  by  Dr  !  Allen  Hyiiek  (1966), 
Director  of  the  Ue.. thorn  OKcrvutoiy  of  N’ortlivvcste; » 
University.  Dr  llynek’s  critivi.m  is  the  more  intcr.-aing 
for  the  fact  that  he  has  beer,  for  'ye  rs  a  c-  •> 
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the  United  States  Air  Force,  and  he  was  an  associate 
member  of  the  Robertson  Parel.  For  most  of  this  time 
be  held  that  saucers  were  fictions,  and  he  contributed  an 
article  to  the  Encyclopaedia  Sritannica  (1964)  that  threw 
much  doubt  on  their  existence.  Recently,  however,  he 
appears  to  have  changed  his  mind,  and  he  now  believes 
that  ihetx  are  sufficient  unexplained  pieces  of  sound  evi¬ 
dence  to  justify  a  new  examination.  As  a  result,  the  Unhed 
States  Air  Fore:  has  set  up  a  frsh  investigation  at  the 
University  of  Colorado,  Boulde-,  headed  by  Dr  Edward 
Condon,  the  former  Director  of  the  National  Bureau  of 
Standards.  The  study  was  initiated  in  October  19^6  and 
is  expected  to  take  18  month:  at  a  cost  of  $300  000. 

It  appears  that  the  Russians,  too,  have  been  facing 
similar  doubts,  foi  Air  Force  Genera!  Anatoli  Stolyarov 
has  recently  been  appointed  hud  of  a  committee  ol 
icvestigation  (The  Times,  13  November  1967).  Again,  this 
comes  some  yean  after  Pravda  had  published  official 
denials  of  flying  saucers  in  1961. 

Let  us  consider  the  difficulties  that  face  these  new  in¬ 
vestigations.  Apart  from  the  Sian  and  hoaxers  who  have 
done  much  to  confute  the  issue,  and  those  witnesses  who 
have  simply  had  hallucinations,  there  are  many  witnesses 
who  have  genuinely  observed  something.  Some  of  these 
witnesses  have  seen  manmade  vehicles  such  as  balloons, 
aircraft,  rockets  and  satellites,  hut  haw  misidentified 
them  in  unfamiliar  circumstances.  Others  have  seen 
natural  phenomena  including  mirages,  ice  haloes,  mock 
nuns,  Brocken  (host*,  lenticular  clouds,  phosphorescence 
at  sea,  ball  lightning,  Venus  and  so  forth  Some  have  seen 
and  Sr w  even  photographed  convincing  artefacts  such  as 
tbi  tlcidttf  brigs*  id  lie  tMpe  of  a  Hculd  ateufft 
turough  complex  refraction  at  the  edge  of  one  of  the 
cabin  wSrd-mt,  Others  h»ve  observed  unusual  echoes  on 
radar  toerns  such  as  the  ‘ring  angels’  due  to  the  moraine 
Bight  of  .starlings. 

The  foregoing  explanations  account  for  the  m*jjrity  of 
flying  saucer  reports.  The  sire  of  the  unexplsuied  residue 
may  be  gauged  from  the  statement  of  tire  finder  Secretary 
of  State  for  Defence  in  the  House  u  Commons  on  9 
November  1967.  Over  the  period  r  January  1959  to  30 
September  1967, 625  reports  wire  received  by  the  Ministry 
of  Defence;  70  remain  unexplained  after  investigation. 
For  comparison,  the  American  figures,  given  by  the  Staf 
of  Project  Blucboc.',  in  a  report  of  February  1966,  are  681“ 
alleged  sighting  in  the  years  1953-65  inclusive;  of  these, 
1248  were  reported  too  vaguely  to  allow  an  attempt  it 
fcrplat.Vuon.  Of  the  remaining  5569,  there  were  237  for 
which  explanations  could  not  be  found. 

Summarizing  the  British  and  American  experience,  it 
appears  that  perhaps  10%  of  the  alleged  sightings  cannot 
be  explained.  In  this  residue,  it  is  probable  that  the  majority 
of  witnesses  have  made  substantial  errors  in  their  descrip¬ 
tions.  A  point  of  dispute  is  whether,  after  such  errors  hive 
been  allowed  for,  there  is  enough  left  that  is  unexplained 
to  make  us  think  that  there  is  a  gap  in  our  knowledge 
either  of  natural  phenomena  or  of  an  extraterrestiat  ir- 
vasion  of  our  atmosphere,  perhaps  by  intelligently  con¬ 
trolled  spacecraft. 

Those  who  have  pressed  the  last  explanation,  and 
especially  those  who  have  believed  in  little  men  from  Venus 
or  Mars,  must  have  been  discouraged  by  the  latest  evidence 
regarding  surface  conditions  on  those  planets.  But  I  doubt 
*hcthcr  they  will  be  any  more  finally  discouraged  than 
*cre  those  who  believed  in  the  Russian  flying  bombs  over 
Sweden.  Hope  is  not  the  only  thing  thai  springs  eternal 
in  the  human  breast.  II  Fartli  proves  io  be  t!’c  one  planet 
in  the  sol.ir  system  that  suppo'ts  intelligent  life,  it  is  still 


possible  that  intelligent  beings  from  h  more  distr.nl  system 
have  found  the  way  to  cross  intervening  spec*  in  small 
craft  without  ageing  on  the  long  journey;  and,  although  *t 
is  unlikely,  it  is  just  possible  that  the  craft  are  sma,f  enough 
not  to  have  shown  up  on  astronomical  or  radar  surveys. 
Jesse  Greenstein  of  Mt  Wilson  and  PiJomar  Obse*s»|l3rics 
has  calculated  that  a  vehicle  100  ft  in  diameter  world 
easily  show  up  3t  a  height  of  50  miles  on  any  of  the  5CC0 
plates  of  the  Paiotnar  Say  Survey. 

Perhaps  1  may  be  permitted  to  make  some  remarks  on 
resolving  the  confusion  of  evidence,  for  I  have  had  to  do 
thif  before.  In  particular,  I  had  to  sort  out  the  true  from 
the  false  in  the  scare  of  1943  about  the  threat  of  the  Ger¬ 
man  rocket.  In  the  early  stages  this  was  not  difficult,  since 
there  were  few  reports,  and  (hey  were  substantially  secret 
and  independent.  But  a.*  the  stories  grew,  it  was  almost 
impossible  to  tell  whether  nr  r.ci  a  particular  report  came 
from  someone  who  genuinely  knew  something  or  whether 
he  was  repeating  a  rumour.  By  that  lime  there  was  no 
question  about  whether  or  uc-t  there  was  a  rocket  —  the 
question  was  what  it  weighed.  Finally  I  found  a  touch¬ 
stone  —  I  would  accept  a  weight  ot.iy  from  a  report  that 
had  also  mentioned  lltcu  (  quid  oxygen  wu  one  of  the 
fuel!,  which  I  by  the..  knew  to  be  true.  The  result  was 
spectacular;  out  of  hundreds  of  conflicting  reports  this 
touchstone  selected  only  h  e,  and  these  pointed  consistently 
to  a  total  weight  of  about  I?  tons  with  a  warhead  from  one 
to  two  tons,  in  contradistinction  to  the  80  tons  with  a 
10  ton  warhead  that  had  been  mooted  These  five  surviving 
reports  thus  le  J  me  to  the  correct  answer. 

Unfortunately,  I  have  not  found  a  similar  touchstone 
(S'  uuueu  npoot  Vfe  act  trier  kf,  aril*  t  untie  $ 
probabilities  from  what  we  know  about  the  physical 
vo.ld,  but  we  cannot  reject  the  flying  saucer  hypothesis 
simply  because  it  is  unlikely.  This  would  merely  lead  to  the 
danger  of  repeating  the  error  of  the  French  Academy  re¬ 
garding  meteorites.  But  are  flying  saucers  simply  of  the 
first  order  of  unlikeliness?  I  think  not,  for  I  would  apply 
the  same  argument  as  I  used  regarding  the  apparitions  in 
Sweden.  There  have  been  so  many  flying  saucers  seen  by 
now,  if  we  were  to  believe  the  accounts,  that  surely  one  of 
them  must  have  broken  down  or  left  some  trace  of  its 
v:sit.  It  is  true  that  one  can  explain  the  absence  of  relics 
by  supposing  that  the  saucers  have  a  fantastic  reliability, 
but  this  adds  another  order  of  unlikeliness.  At  least  the 
l  .cnt  b  Academy  had  some  actual  meteorites  to  examine. 

nk  that  this  is  where  the  natural  philosopher  must 
tokt  Vs  stand,  for  there  is  a  well  tried  course  in  such  a 
situation.  This  is  to  apply  ’Occam’s  razor’  —  hypotheses 
are  not  to  be  multiplied  without  necessity.  Of  all  the 
possible  explanations  for  a  set  of  observations,  the  one 
with  the  minimum  of  supposition  should  be  accepted,  until 
it  is  proved  wrong.  Otherwise  one  lives  in  a  fearsomely 
imaginative  world  in  which  rational  conduct  becomes 
impossible.  There  is  a  story  of  one  of  my  more  eccentric 
colleagues  that  will  illustrate  what  I  mean.  He  was  at  the 
time  a  Fellow  of  one  of  the  men’s  colleges  in  Oxford,  but 
he  happened  also  to  tutor  some  of  the  women  students  in 
philosophy.  One  of  the  girls  went  into  his  room  for.  a 
tutorial  one  day,  only  to  find  that  he  seemed  not  to  be 
there.  However,  she  was  accustomed  to  some  of  the 
curiosities  in  his  behaviour  and  she  was  not  unduly  sur¬ 
prised  when,  a  minute  or  two  after  she  had  sat  down,  his 
voice  boomed  from  under  the  table:  “Read  your  essay!” 
This  she  proceeded  to  do.  and  then  waited  for  his  com¬ 
ments.  Something  that  she  had  said  reminded  him  of 
Occam’s  razor  and  he  proceeded  to  give  her  an  example. 
Poking  his  head  out  from  under  the  tablecloth  he  said: 
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“Supposing  that  1  was  to  say  to  you  that  there  is  a  tiger 
outside  the  door,  but  that  the  tiger  is  frightened  of  me  so 
that  every  time  I  go  to  the  door  to  see  it,  it  runs  away  and 
hides  round  the  corner.  If  I  were  to  tell  you  that  this  was 
the  explanation  of  why  I  see  no  tiger  outside  my  door, 
you  would  say  that  I  was  mad  —  or,  at  least,  a  little 
peculiar!”  Are  flying  saucers  as  imaginary  as  my  col¬ 
league’s  tiger  ? 

Of  course,  the  difficulty  in  applying  Occam’s  razor  is  in 
deciding  which  explanation  of  flying  saucers  involves  the 
minimum  hypothesis.  Jefferson  was  committing  scientific 
suicide  with  the  razor  when  he  preferred  to  believe  that 
professors  would  lie.  And  it  is  also  true  that  the  explana¬ 
tion  with  the  minimum  of  hypothesis  is  not  always  the 
right  one.  I  can  recall  just  one  occasion  when  Occam  led 
me  astray  in  this  way.  This  was  towards  the  end  of  1943 
when  the  method  of  propulsion  of  the  German  flying 
bombs  was  unknown.  I  thought  that  I  was  able  to  deduce 
it  from  a  set  of  facts  as  follows.  On  the  plans  of  one  of  the 
flying  bomb  sites  that  had  been  sent  to  us  by  one  of  our 
spies,  backed  up  by  what  we  could  sec  on  aerial  photo¬ 
graphs,  there  seemed  to  be  one  fuel  store  on  each  site. 
Indeed,  it  was  so  labelled  on  the  plan.  The  store  was 
divided  into  two  parts,  and  I  concluded  from  the  disposi¬ 
tion  of  the  entrances  and  blast  walls  that  two  kinds  of 
fuel  were  to  be  used  and  that  the  designer  was  taking 
unusual  precautions  to  prevent  them  from  coming  into 
contact.  I  already  knew  of  two  such  fuels,  hydrogen  per¬ 
oxide  and  sodium  permanganate.  These  were  already  being 
used  in  rocket  propelled  glider  bombs,  and  !  even  managed 
to  establish  that  some  of  the  servicing  crews  for  these 
particular  fuels  v.ere  being  allocated  to  the  flying  bomb 
sites.  Moreover,  when  I  checked  the  volume  of  peroxide 
that  could  be  held  in  the  store,  it  was  enough  to  propel 
20  peroxide  rockets  to  London,  and  this  was  consistent 
with  the  storage  in  the  rest  of  the  site  for  20  flying  bomb 
bodies.  There  was  therefore  no  need  to  postulate  any 
other  engine,  on  this  evidence,  for  the  flying  bomb  beyond 
a  development  of  the  peroxide  rocket  engine.  Everything 
was  consistent  and  had  been  well  supported  by  evidence. 
And  yet  the  conclusion  was  wrong.  A  more  complicated 
hypothesis  turned  out  to  be  right.  The  peroxide  was  used 
merely  for  firing  the  bombs  from  their  catapults,  and  their 
main  means  of  propulsion  was  a  new  type  of  engine,  the 
Argus  tube,  which  burned  ordinary  fuel.  The  reason  that 
this  ordinary  fuel  did  not  show  up  on  the  site  was  that  the 
bombs  arrived  already  filled  with  fuel  from  a  central  store. 

At  the  same  time,  I  must  emphasize  that  in  compensa¬ 
tion  for  this  one  instance  where  Occam’s  razor  led  me 
astray,  there  were  many  instances  where  it  led  me  to  the 
truth  when  many  other  people  were  confused.  The  essential 
thing  in  applying  the  Razor  is  that  one  must  be  completely 
honest  in  realizing  that,  while  it  dictates  the  best  opera¬ 
tional  course,  it  can  lead  to  the  wrong  result  and  one  must 
not  cling  to  the  simple  explanation  to  which  it  leads  if 
subsequent  observations  show  that  this  is  incorrect. 

Here  it  is  advisable  to  remember  the  advice  of  Pasteur 
(185-1): 

Preconceived  ideas  are  like  searchlights  which  illumine  the 
path  of  the  experimenter  and  serve  him  as  a  guide  to  interro¬ 
gate  nature.  They  become  a  danger  only  if  he  transforms 
them  into  fixed  ideas  —  this  is  why  I  should  like  to  sec  these 
profound  words  inscribed  on  the  threshold  of  all  the  temp  es 
of  Science:  ‘The  greatest  derangement  of  the  mind  is  to  be¬ 
lieve  in  something  because  one  wishes  it  to  bo  so.’ 

Keeping  all  these  facts  in  mind,  the  balance  of  the 
evidence  regarding  flying  saucers  as  I  see  it  —  viewed 
ae.iiiist  the  critical  situations  in  which  1  used  to  have  to 


decide  on  courses  of  action  based  on  evidence  from  eye¬ 
witnesses  and  other  sources  — is  heavily  against  their 
being  intelligently  controlled  vehicles.  But  I  also  know 
that,  even  if  the  current  American  and  Russian  investiga¬ 
tions  come  to  this  same  conclusion  or  even  a  stronger  one, 
it  will  not  discourage  the  flying  saucer  believers.  For  these 
investigations  are  faced  with  the  impossible  job,  if  flying 
saucers  do  not  exist,  of  proving  a  completely  negative  case. 
This  is  one  of  the  most  difficult  of  all  Intelligence  tasks, 
and  even  if  the  investigation  is  as  thorough  as  humanly 
possible,  the  flying  saucer  exponents  will  always  be  able 
to  conjure  new  hypotheses  that  had  not  been  considered. 

If  known  natural  phenomena  are  insufficient  to  explain 
everything  that  has  been  genuinely  seen,  the  alternative  to 
the  intelligently  controlled  vehicles  is  an  as  yet  unrecog¬ 
nized  natural  phenomenon.  This  is  distinctly  possible  — 
the  case  may  be  similar  to  that  of  ball  lightning,  the 
occurrence  of  which  has  long  been  both  asserted  and  dis¬ 
puted.  But  ball  lightning  has  been  seen  by  many  observers 
with  a  scientific  training,  including  a  Deputy  Director  of 
the  Meteorological  OiTice.  In  this  it  appears  (apart  from  a 
few  recent  reports  from  Russia)  to  differ  from  the  flying 
saucer  and  since  there  is  no  reason  to  expect  that  scientists 
are  more  likely  to  be  favoured  relatively  to  laymen  by  ball 
lightning  than  by  flying  saucers,  we  may  conclude  that 
either  the  saucers  are  much  rarer  even  than  the  com¬ 
paratively  rare  ball  lightning,  or  that  the  latter  has  often 
been  mistaken  by  lay  observers  for  saucers. 

In  coming  to  a  conclusion  about  the  existence  of  flying 
saucers,  there  is  a  strong  temptation  to  be  overcautious, 
because  if  you  turn  out  to  be  wrong  in  denying  their 
existence  the  error  will  be  blazoned  in  the  history  of 
science;  but  if  you  merely  turn  out  to  be  right,  there  will 
be  little  credit  in  proving  a  negative  case.  My  own  position 
has  been  that  if  at  any  time  in  the  last  20  years  I  had  had  to 
take  a  vital  decision  one  way  or  the  other  according  to 
whether  I  thought  that  flying  saucers  were  fact  or  fantasy, 
Russian  or  extraterrestial  (why  has  China  never  been 
credited,  by  the  way?),  I  would  have  taken  that  decision  on 
the  assumption  that  they  were  either  a  fantasy  or  an  in¬ 
correct  identification  of  a  rare  and  unrecognized  pheno¬ 
menon;  and  while  I  commend  any  genuine  search  for  new 
phenomena,  little  short  of  a  tangible  relic  would  dispel  my 
scepticism  of  flying  saucers. 
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on  saucer  crewmen, 128, 

893-894 

All- sky  camera:  1215-1219 
as  source  of  data, 111 
at  Harrisburg, Penn. ,65 
information  from, 1249 
use  of  in  Case  27,508-510 
Altair.star  :  as  probable  explanation, 
261 

Aluminum  "chaff":  as  probable 
explanation, 133, 136, 388 
(Case  3) 

Alvarez, Luis ,867-868 
American  Airlines:  Flight  387, 

710-714(Case  55) ,742, Plate  58 
pilot , 245 

American  Institute  of  Public 
Opinion  see  Gallup 
Poll 

Ampleforth  Abbey  sighting  1290A.D., 
828-829 

Ancient  sightings  see  Sightings, 
ancient 

Andrews  Air  Force  Base:  quoted  on 
sightings ,227-236 
"Angel  hair", 131- 132 
Angels  :  causes  of, 1249 

radar  detection  of, 1073, 1088 
1091 .1099,1113,1114 


See  also  Dot  angels ;Ring  angels 
Anomalous  propagation (AP) see  Light 
waves .anomalous  propagation; 
Radar,  anomalous  propagation 
effects 

Antarctic  expedition  events  1965, 
148-150 

Antimatter, 1188-1 190 
Apollo  program, 300 
APR0  see  Aerial  Phenomena  Research 
Organization 
Archer , E . James ,915 

Arcturus.star:  as  probable  explanation, 
199,441 (Case  14) 

Arizona, University  of  see  University 
of  Arizona 

Arkansas  farm  case  Nov. 1967, 137 
Arnold, Kenneth:  report  on  flying 
saucers  June  1947,16,844, 

855 

The  Flying  Saucer  as  I  Saw  It, 

~  -  - 

Artifacts:  in  orbit, 294-300 
re-entries  of, 295, 298 
relation  to  cases , 137, 138 
sightings  of, 283 

Artificial  satellites  see  Satellites, 
artificial 

Artsimovich, L. A. :  quoted  on  sightings, 
925 

Asteroidal  fragments:  as  probable 
explanation, 94 7 

Astronauts:  log  of  manned  flights, 

270 

observations  by ,58-59,268-312 
time  in  orbit , 269 ,270 
visual  acuity  of ,288-289 ,293 
See  also  Spacecraft .observations 
from 

Astronomers:  attitude  of, 864-866 
Astronomical  objects:  as  probable 
explanation, 851 
Astronomical  refraction  see 

Refraction,  astronomical 
Astronomical  shimmer  see  Shimmer, 
astronomical 

Atkinson, Ivan  C.:  quoted  on 

Colorado  Study ,vi i  ,v  i  i  i 
Atmosphere:  clear-air  turbulence  of, 
1115 

density  of ,277,279 
during  sightings , 173-261  passim 
effect  on  refraction  of  radio 
waves ,1104- 1110 
electric  fields  in, 1161-1162 
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electricity  in  see  Atmospheric 
electricity 

humidity  gradients  in, 173-174 
molecular  weight  of, 278, 279 
refractivity  gradients  of, 1102- 
1111,1116 

refractive  index  of  see  Light 
waves,  refractive  index; 

Radio  waves,  refractive 
index 

surface  ducts, 1109 
temperature  gradients  of, 173-174 
types  for  refraction  of  radio 
waves,  1105, 1106, 1109 
Atmosphere,  lower:  ionization  of, 

1159- 1160 

Atmospheric  electricity ,  1156- 1 194 
fair  weather, sea  level  average, 

1160- 1162 

measuring  device,  1264 
Atmospheric  interferences  see 
Sferics 

Atmospheric  layers,  1114-1117 
partial  reflections  from, 

1007-1010 

Atmospheric  optics  see  Optics, 
atmospheric 

Atom  bomb  simulation:  as  probable 
explanation, 655-665  (Case  50) 
Attitude  survey,  315-362 
Attitudes  Study  see  Colorado  Study 
of  Public  Attitudes  1968 
Aurora, 113 

observed  from  spacecraft, 292 
radar  detection  of ,1093, 1095-1096 
relation  to  solar  flares,  1159 
Auroral  arch,  739,  Plate  16 
Auroral  camera  see  All- sky  camera 
Auroral  zone,  7397  Plate  15 

Australia,  Director  of  Air  Force 

Intelligence:  study  program, 926 
Autokinesis, 49 

effect  on  sensation, 938 
Automatic  sensors:  recommendations 
for,  1266 

Automobile  :as  probable  explanation, 
589-593(Case  40) 

Automobile  malfunctions:  due  to 

magnetic  of fects, 53-54, 151- 
161,  171-172, 582-588(Casc 
39), 1192 

Avalanche  process, 1163, 1172 
defined, 1158 

Ayer .Frederick:  quoted  on  Prairie 
Network  records, 66 


B-47  crew  case  Sept.  1957, 80-83 
397-403 (Case  5) 

Baker, R.M.L. ,74,76 

on  Case  47,  631-633,635 
on  Case  49,  643-651  passim 
source  of  data, 110 
source  of  information  in  Case 
51,  667 

Bailey, J.O.,  Pilgrims  through 

Space  and  Time- -Trends  and 
Patterns  in  Scientific  aiuT 
Utopian  Fiction,34 
Baker- Nunn  camera:  sky  coverage 
by, 1265 

Ball  lightning:  as  possible  explanation, 
1191-1192 

electric  fields  of ,1156,1164- 
1172,1173-1194  passim 
hypotheses  for, 1168 
radar  detection  of, 1095 
Balloons:  "Cutting  down,"  1207-1208 
flight  profiles  of,1205-1213 
hot-air:  as  probable  explanation, 
90-91, 105, 458(Case  18), 509 
(Case  27), 605-606 (Case  45), 

1219 

lighted, 1210 
neoprene, 1205-1213 

radiosonde:  as  probable  explanation, 
149 

"skyhook":  as  probable  explanation, 
848 

super-pressure ,  1 205-1213 
weather  see  Weather  balloons 
Barra  Da  Tijuca,  Brazil  case 

May  1952,  121-122,637-640, 
739,740,  Plate  28,29,30 
Bates,  William  H.:  quoted  at  hearing 
on  UFO  problems, 911 
Battan, Louis  J.,  Radar  Meteorology: 
quoted  on  refraction, 551- 
552 (Case  35) 

Beaman, D.R. ,143 

quoted  on  analysis  of  Case  4, 

395 

Beaver  case, 741, Plate  48-51 
Beckmann, Fred:  evaluation  of 
Case  57,727 
Berkner, Lloyd,  868 
lictelgcuse  .star :  as  probable 
explanation, 1 99-200 
Beverly,  Mass. case  1966,104 
Bible  :  as  literature  of  sightings, 
823-824 

Book  of  Ezekiel  quoted, 836-838 
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Birds:  as  probable  explanation, 
551,557-558(Case  35), 

641, 645-653 (Case  49) 
radar  detection  of, 1073, 
1081-1091,1249-1251 
Bismarck ,N.D. case  Aug. 1953, 
196-203 

Blackmer,Roy  H.,58 
Blackhawk,case  Aug. 1953,196-203 
Blades, Jehu, 148 
Blavatsky, Helene  Petrovna, 

Stanzas  of  Dzyan; 

The  Secret  Doctrine: 
quoted, 833-835 

Blue  Book  Project  see  Project 
Blue  Book 

B0AC  Boeing  Strato  cruiser  cese, 
207-210 

Boeing  Airplane  Company:  in 
Case  52,687 
Bagachev,U. ,924 
Bogie:  in  Case  21,476-482 
observed  from  spacecraft, 

307.309- 311 

Bolides:  as  probable  explanation, 
947,954,960 

electric  fields  of, 1185- 
1190 

Bolling  Air  Force  Base, 234 
Book  of  Dzyan  see  Dzyan,  Book  of 
Book  of  Ezekiel  see  Bible, 

Book  or~tezekieT 

Books:  on  ancient  sightings, 
821-841 

on  cases,  (1950),  856-857 
on  cases,  (1954-55) ,  847 
Boom, sonic  see  Sonic  boom 
Boosters  see  Rocket  boosters 
Borden, R.CT7  and  T.K. Vickers: 
quoted  on  sightings, 

234-235 

Borman, Frank:  observations  by, 

302.307.309- 311 
Boulder,  Colorado  case  April 

1967,91 

Boyd.L.G.  and  D.H.  Menzel: 

on  Case  49,647 
Rrwniff  Airlines  pilot  case 
May  1  MT. 

Hia.’.il  nisc  Oct.l'>!»7:  described 
in  l.orenzen  book, 880-882 
See  also  Barra  da  Tijuca, 
Brazil  case 

Brazilian  Air  Force:  analysis  of 
photos.  Case  48,638 
Bright  objects,  unidentified  see 

Unidentified  bright  objects 


Brightness:  of  optical  source, 
1047-1052,1055,1056 
see  also  Scintillation 
Brimstone  odors:  in  tornadoes, 
1176,1177,1186 
Brown, Frank:  in  Maury  Island 
incident ,846-847 
Brown, Harold,  Sec.  of  the  Air 
Force:  quoted  on  O'Brien 
Committee  report  and 
at  hearing  on  UFO  problems, 
909-911 

Bruner, Elmo:  analysis  of  Case  40, 

593 

Bryant, Larry  W. :  on  future  research, 
1269 

Bureau  of  Internal  Revenue  see 
U.S.  Bureau  of  Internal 
Revenue 

Busemann , Adolph ,1154 
Busk,R.S. ,140,143 

analysis  of  Case  4,392-393 
By  land  Abbey  sighting  1290A.D., 

828-831 

Cabell, C.P.  ,Maj  .Gen.USAF:  re-activation 
of  Project  Grudge, 857 
Calgery  case,  116 

Camarillo, Cal if .case  Dec .  1967,116 , 
729-736 (Case  58) 

Camera:  all-sky  see  All-sky  camera 
Baker-Nunn  see  Baker-Nirn 
camera 

Super-Schmidt  see  Super-Schmidt 
camera 

television,  modifications, 

1253 

Cameron, A. G. W. ,ed.  Interstellar 
Communication:  discussion 
oT  TLt ,  37 - 

Camrose, Alberta:  ring  imprints  in, 
129,130 

Canada, Air  Force  see  Royal  Canadian 
Air  Force 

Canada, Dept,  of  National  Defence, 

Case  57  reported  to, 722, 723 
Canada, Defence  Research  Board  study 
program. 921  922 
Canada .Mount ed  Police  see  Koval 
Canadian  Mounted-  To  I  ice 
Canada:  study  programs  in, 92 1 -922 
Canadian  Arsenals  Research  and 

Development  l.stabl  i  shment  ,  I  36 
Canadian  Naval  Maritime  Command, 

538-540 

Canadian  network:  for  meteor 
recovery , 1 223 
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Canadian  -  United  States  Communications: 
Instructions  for  Reporting 
Vital  Intelligence  Sightings, 
887-889 

Canal  Zone  case  Nov. 1952,253,255-258 
Cantril.H.:  quoted  on  "Invasion 
from  Mars,"  980-981 
Cape  Ann, Mass,  case, 88 
Cape  Kennedy:  direction  of 
satellites  from, 1262 
Capella,star:  as  probable 

explanation, 187, 199, 418, 420, 

421 (Case  9) 

Capital  Airlines  pilot  case  :  Ala. 

Nov. 1956 ;Va. Aug. 1957,189- 
192 

Caravan  Surveys  see  Opinion 
Research  Corporation 
Cardinal  point  effect  see  Radar: 

Cardinal  point  eFFect 
Carolina  Power  8  Light  Company 
outage  May  1967,162 
Carpenter, M. Scott :  observations 
by, 290 

quoted  on  Glenn  effect, 304 
Carswell  Air  Force  Base, Tex. 

case  Feb . 1953, 184- 185 
Carter, Launor  F.:  member  O'Brien 
Committee, 904 

"Case  of  the  Lubbock  Lights," 

860 

Cases:  for  case  reports  see  364- 

716 - - 

Cases:  references  to, throughout: 

Case  2, 245- 246, 265; Case  4, 

143;Case  5,80-83,203-207, 

265;Case  6,89,104;Case  7, 

89;Case  10,87-8s;Case  11, 

276;Case  12 , ) 53-154 ;Case 
15, 93; Case  l6,224;Case  18, 

91;Case  19,160;Case  20,86; 

Case  21,104,258-259,265; 

Case  22,129,130;Case  23, 

90;Case  25,65,129;Case  26, 

92; Case  27,32;Case  27,86,1218; 

Case  28,94;Case  29,88;Case 
30, 100-101;Case  32,130;Case 
33,87;Case  34,952;Case  35, 

259-261, 449 ;Case  35,449; 

Case  37,93  ,'*52 

38,87, 129, 130;Case  39,88, 

160;Case  42,87,130,137-138; 

Case  45,91;Case  46,112,113, 

727;Case  47,74;Case  48,121- 
122;Case  50,78, 122;Case  51, 
lll,124-125;Case  52,112,115, 
123-124;Case  53,112,115,122; 


Case  55,114;Casc  56,116; 

Case  57,116,122-123;Case 
1 5- B, 196-203; Case  19-B.240- 
241;Case  76-B,245;Case  93-B, 
241-245,264 ;Case  101-B.253, 
255-258;Case  103-B, 220-223; 
Case  104-B, 188- 189; Case  113-B; 

181- 182;Case  115-3,184-185; 
Case  156-B,247,250-253;Case 
237-B.184, 186- 188; Case  304-B, 
210-212;Case  321-B.219 ;Case 
1065-B, 192, 193; Case  1207-B, 
196;Case  1211-B,219-220;Case 
1212-B, 183- 184; Case  1306-B, 

182- 183;Case  1321 -B, 178-181; 
Case  1323- B, 193- 194 ; Case  7-C, 
223-224 ;Case  U-N,  189-192; 

Case  190-N, 224-227, 265 ;Case 
1206-N, 194, 196; Case  1482-N, 

213- 214, 265;Case  1257-P.148- 
149 ;Case  1326-P, 135-136; 

Case  1406-P.131 ,132 ;Case 
1074-T.131 , 132 ;Case  10-X, 

214- 219;Case  19-X.211.213 
Cases:  classification  of, 175-176 

field  investigation  of, 22, 
73-106 

radar ,AP- like, 219-240 
radar, blip- like, 240- 261 
visual ,207-219 

blurry  light  or  glow, 196- 
207 

meteor- like, 193- 196 
star-like, 178-193 
Cases ."classic":  discrepancies  in 
reports  of, 74-78 
investigation  of, 73-78 
Cases, current:  types  studied, 

87-101 

field  studies  of, 83-84 
Cases .photographic  see  Photographs 
Caswell .Ronald, 894 
Castle  Air  Force  Base, 96- 100 
Castle  Rock, Colo. case  Jan. 1968, 

91 

Caus es ,  pr ob ab  1  e :  summar i  zed  ,261- 
266 

Celestial  globe, Chinese  see  Chinese 
celestial  globe 
Censorship ,908 

of  reports ,886-890 
Central  Intelligence  Agency, 21 
creates  Robertson  panel, 866 
Central  Meteorological  Observatory, 
Tokyo:  observation  of 
fireball. 1181 
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"Chaff":  radar  detection  of, 1073, 
1098-1099 

See  also  Aluminum  "chaff"; 

Rl3ar  "chaff" 

Chant, C. A.:  on  fireball  of  Feb. 1913, 
960-961 

Charleston, S.C. case,  Jan.  1967,192- 
193 

Charleston,  W.Va.  casw,  May  1966,245 
Chiles, Clarence  S.:  pilot  in 

Eastern  Airlines  case, 848 
Chiles-Whitted  case  1948,962-963 
Chinese  celestial  globe, 816 
Chop,Al:  on  Case  49,645 
Chumley, A. X., translator:  on  Byland 
Abbey  sighting, 828-829 
CIRVIS  reports:  security  for, 888-889 
Clarion, hypothetical  planet, 42-44 
Classic  cases  see  Cases, classic 
Classification  of  reports  see 
Reports,  classified 
Cleto.Fenando:  on  Case  48,637 
Clifford, William  Kingdon,  Aims  and 
Instruments  of  Scientific 
Thought:  quoted, 4 
Clinton, J.WT:  on  Washington.D.C. 
case, 135 

Clouds:  as  probable  explanation, 122 
electric  discharges  from, 1156, 
1162-1165,1168-1182  passim 
in  photographs,  113 
Clouds ,  lenticular, 738 ,  Plate  1 
Clouds ,  luminescent  see  Luminescence 
Clouds .tornado  see  Tornado  clouds 
Clutter .ground  see  Ground  clutter 
Coarsegold, Calif .  case,  94-100, 104 
Coast  Guard  Cutter  "Sebago"  case 
Nov. 1957,247,250-253 
Cognition:  influences  on, 939-940 
Cohen,  Jose  Maria:  on  Antarctic 
events, 150 

Collins  Radio  Company, 1072 
College  students:  reponses  to 
opinion  survey ,350,353- 
355 

samples  of ,330-332 ,337 
Collis ,R.T.H. ,58 

quoted  on  Case  35,542,558-559 
Color:  judgment  of, 939 


Colorado  project:  concluded, 918 

conclusions  and  recommendation, 
2-8,67 

history  of, 913-918 
origin  of, 10-12, 18, 19 
reasons  for, 316 
source  of  data, 178 
Colorado  Springs, Colo. case  May 
1967,258-259 

Colorado  Study  of  Public  Attitudes 
1968,324-362 

Colorado  University  see  University 
of  Colorado 

Color-blindness  :  of  dark-adapted 
eye, 48 

Comet:  as  possible  explanation 
of  bolide, 1189-1190 
Cometary  debris  :  as  probable 
explanation, 947 
Comet  orb its, 11 85 
Communication  channels:  clogging 
of, 18, 866, 870 

Compression  waves  see  Sound  waves 
Conceptions  of  observers  :  effects 
on  reports, 943, 949-964, 

974 

Condon , Edward  U.:  appointed 

scientific  director, viii 
Congress  see  U.S. .Congress 
Conrad, Peter :  observations  by, 

293,298 

quoted  on  Glenn  effect, 304, 

305 

"Conspiracy  hypothesis,"  870-877 
"Contactee"  stories, 894-898 
Continental  Divide, N.M. case  Jan. 

1953,214-219 
Cook, Stuart, 916 

appointed  to  Colorado  project, 
viii 

Coopei , L. Gordon :  observations  by, 
293,294 

quoted  on  airglow,291 
Corner  reflectors  see  Radar, corner 
reflectors 

Coronal  point  discharges,  1158 

as  possible  explanation, 1190, 
1191-1192 

from  mountaintops,1181 
from  thunderstorms ,1101,1172-1174 
from  tornadoes, 11 75, 11 70 
Craig, Roy ,53 

Crow,  Loren  K.  :  quoted  on  Case  1, 
369-371 
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quoted  on  Case  52,672-674,676 
report  on  weather, Case  35, 
545-554,555 
Crowd  effect, 979-982 

David, Jay, ed.  The  Flying  Saucer 
Reader, 823 

Davidson, Captain  :  in  Maury  Island 
incident, 846-847 

Davidson, M.:  on  fireball  Feb. 1913, 
960 

Debris:  as  probable  explanation, 
366,371 (Case  1) 
viewed  by  astronauts, 59 
Debris, windblown:  as  probable 

explanation, 729,731  (Case  58) 
Deception  Island  Antarctica  event 
June, July  1965,149-150 
Decision  procedure:  in  statistical 
analysis  of  UFO  phenomena 
1272-1278  passim 
Decision  theory:  applied  to  UFO 
reports , 1 276- 1278 
Deductive  reasoning:  on  UFO 
phenomena, 1272- 1273 
Deener, David  R. :  on  age  groups 
related  to  opinions, 

355-356 

Defense  Department  see  U.S., 
Department  of  Defense 
Defense, national  see  National 
defense 

Deimos,moon  of  Mars, 45 
De  Rachewiltz.Boris :  translator 
of  "Tulli  papyrus," 
835,838,839 

Denmark, Defence  Research  Board 
study  programs, 925 
Desvergers.D.S. :  sighting  by, 

862 

Detroit, Mich. case  March  1953, 
224-227 

Dexter,  Mich. case  March  1966, 
899-902 

Disc, flying:  alleged  fragments 
from, 133-135, 138-143 
Distal  event:  distortion  of, 

931-932 

Distance:  judgment  of, 932-933, 

938 

Distant  ground  return:  radar 
detection  of, 1073, 

1099-1117 

Distortions  of  perception  see^ 

Perception, distortions  of 


Dot  angels, 1091 ,1114 
Douglas  Aircraft  Company: 

analysis  of  Case  49,646 
report  on  Case  47,  630,632 
Dow  Chemical  Company:  rnalysis 
of  Case  4,392,394-395 
producer  of  magnesium  metal, 55 
source  of  sample, 140, 141 ,143 
Uuncombe,  R.L.:  calculation  of 
Clarion  effects,  43  , 

Dust  dovil:  in  Case  1,369 

electricity  fields  of ,1156,1175, 
1178-1179 

Dzyan,Book  of:  quoted  by  Edwards, 
831-^33,835 

Dzyan, Stanzas  of:  quoted, 833-835 

Early  Warning  Network, 33 

reports  of  sightings ,84-86 
Earthquakes:  electric  fields  of, 
1156,1180-1181,1193 
luminous  effects  of, 1180-1182 
Earth  radius:  for  atmospheres,  11 05 
Earth  satellites  see  Satellites, 
earth 

Earth-surveillance  satellite:  for 
future  research , 1269 
Earth's  electric  field  see  Magnetic 
field, earth 

Eastern  Airlines  case  July  1948, 
848,962-963 

Edmonton, Alberta  case  April  1967, 
194,196 

Education:  as  factor  in  opinion, 62, 
355-361 

Edwards  Air  Force  Base  case  July 
1967,182-183 

Edwards , Frank :  on  alleged  recovery 
of  parts, 133 

on  disc  fragments ,134-135 
on  metal  spheres, 137 
quoted  as  journalist ,966 
quoted  on  Adamski's  work, 895- 
898 

sighting  reports  received  (1967  j 
84 

Edwards ,  Frank  .Flying  Saucers--Here 
and  Now:  quoted  on  ancient 
sightings, 831-833, 835 
Edwards , Frank , Flying  Saucers- -Serious 
Busness:  quoted  on  censorship, 
577 - 

Effects, electromagnetic  see  Electro¬ 
magnetic  effects 

Effects, physical  see  Physical  effects 
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Effects, physiological  see  Physiological 
effects 

Electric  field  of  earth  see  Magnetic 
field, earth 

Electric  fields, 1156-1194  passim 
Electric  power  systems:  interruptions 
of  service, 161-172 
Electric  storms, 1181-1 185 
Electricity,  atmospheric  see 

Atmospheric  electricity 
Electromagnetic  compatability 
(EMC), 1117-1121 

Electromagnetic  effects,  146-172 
Electromagnetic  sensors : 

recommendations  for, 1266 
Electromagnetic  waves :  propagation 
of, 1100-1117 
scattering  of, 1248-1249 
propagation  of, 110- 1117 
Electrosphere, 1160-1161 
Elevation: judgment  of, 939 
ELSS  see  Extravehicular  life 
support  system 
England:  study  programs  in, 

922-923 

Ennis, Phi lip:  quoted  on  reporting 
crime, 339, 344, 347 
Environmental  Science  Services 
Administration (ESSA)  see 
U.S. .Environmental  Science 
Services  Administration 
Epp,E..T.:  in  Case  22,491 
Eriksson , Tage  ,134 

quoted  on  Spitzbergen  case, 

923 

Errors  in  perception  see 

Perception,  errors  in 
ESSA  see  U.S.,  Environmental 
Science  Services 
Administration 
ETA  see  Extra  Terrestrial 
Actuality 

ETH  see  Extra  Terrestrial  Hypotheses 
ETI  see  Extra  Terrestrial  Intelligence 
EVA  see  Extra  Vehicular  Activity(EVA) 
"Excitedness  effect":  influence  of, 
953-954,962 

Exeter, N.H. case  Sept.  1965,898-902, 
1190-1191 

Exhaust  trails  see  Rockets , exhaust 
trails 

Extra  Terrestrial  Actuality  (ETA)  ,34 
35-36,37 

Extra  Terrestrial  Hypotheses  ,34-36, 
37,849,851,864,871-885  passim 
Hynek's  opinions  on, 911 


James  Harder  quoted  on, 883-884 
Extra  Terrestrial  Intelligence, 

856 

hypothesis  de-emphasis,  1268 
in  Lorenzen  book, 879- 880 
Extravehicular  life  support  system 
(ELSS), 298, 305, 306 

Extra  Vehicular  Activity (EVA)discards: 
observed  from  spacecraft , 

305 

Eye:,  adaptation  of,  48,035 
Ezekiel, Book  of  see  Bible, Book  of 
Ezekiel 

False  targets ,180-181 
Fargo, N.D. case, 848- 849 
Fata  Morgana, 1010 , 1055 
Federal  Aviation  Agency :  radar 
networks, 65 

reports  of  sightings, 84 
Federal  Power  Commission:  Report, 

Prevention  of  Power  Failures: 
quoted, 161, 166-269, 170- 171 
Field  studies ,22-24 
evaluated, 103-106 
methods  of, 73- 106 

Fields .magnetic  see  Magnetic  fields 
Film:  damage  to,TT2’,  113 

defects, 114, 738, Plate  4,5 
tracking, 11 1,1 24 
See  also  photographs 
Finland  Air  Force  Base, Minn. case 
Sept. 1966, 178-181 

Fireball, Great, Feb.  1913:  report  of, 
960-962 

Fireballs:  as  probable  explanation, 
560-562 (Case  36), 947-948, 
963,1253 

in  earthquakes,  11 80 
radar  detection  of, 1097 
reports  of, 969-973 
sound  from, 1264 
See  also  Bolides 

"Firefly  effect,"  see  Glenn  particles 
Fisherville.Va. .case  Dec. 1964: 

radioactivity  claimed,  130 
Flames:  in  earthquake, 1180 
"Flaps":  clustering  of  reports, 

17,31 

Flares:  as  probable  explanation, 
88,103,518-520 (Case  29), 
710,713,714(Case  55) 

Flares, solar  see  Solar  flares 
Flashing  see  Scintillation 
"Flying  flapjack"  plane:  possible 
sighting  of, 846 
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Fontes, Olivo  T. :  quoted  on  Case  48, 
121,637-639,881-882 
quoted  on  Ubatuba, Brazil  case, 
139-140 

Foo-fighters:  related  to  St.  Elmo's 
fire, 1173 

Ford  Motor  Company, 153 

investigators  of  automobile 
rial  function,  432, 433 
Forest  Service  see  U.S.  Forest 
Service 

Fort .Charles:  quoted  on  sightings, 
821,826,827 

Fort  Belvoir ,Va.case  Sept . 1957 ,78, 
122,655-665(Case  50), 740, 
Plates  32-40 

Fort  Monmouth, N.J. incident, Sept . 

1951,857-859 
Fortenberry ,  Willi  am,  364 
Fow  1 er , Raymond  E . ,  88 

quoted  on  Case  6,408 
quoted  on  extra-terrestrial 
intelligence,911-913 
Fuller, John  G.:  article  on 
Colorado  project, 915 
quoted  on  power  outage  164-166 
Fuller, John  G.: Incident  at  Exeter, 
164-166,555 

Fuller, John  G. :  The  Interrupted 
Journey  (Barney  and  Betty 
Hill  case) ,899 

Gallup  Poll:  on  flying  saucers 
(1947  and  1950),  f>0 , 

316,317 ,338 ; (1966) ,60,61, 
316-323,337-339,355 
Gemini  4:  observations  from, 

307-309 
Gemini  5,288 

observations  from, 293, 300, 
304,305 

photograph  of  REP, 739 .Plate  19 
Gemini  6:  observations  from, 304 
rendezvous  of, 302 
rendezvous  with  Gemini  7, 

739, Plate  21 
Gemini  6-12.300 
Gemini  7,288,307,309-311 

observations  from, 276 ,292, 

739, Plate  16 
rendezvous  of, 302 
rendezvous  with  Gemini  6, 

739, Plate  21 

sketch  of  auroral  arch, 739, 
Plate  16 


Gemini  11, 276, 739, Plate  17,18 
observations  from, 298, 302 
Gemini  11-Agena  see  Agena  11 
Gemini  12:  observations  from, 
305-306 

Gemini  flights, 298 

log  of  manned  flights, 270 
observations  from, 268-312 
time  in  orbit, 269 
Geminid  meteors:  as  probable 
explanation ,221 

Genroku  earthquake, Japan,  Dec. 1730 
luminous  effects  of,  1180 
Geomagnetic  storms:  relation  to 
solar  flares, 1159 
Geomagnetic  observatories:  instru 
ments  of,  1255 
recommendations  for, 1266 
Geometrical  optics  see  Optics, 
geometrical 

Ghost  see  Radar,  ghost 
"Ghost  balloons"  see  Balloons, 
super-pressure;  Balloons 
polyethylene 

Glenn, John  H.Jr.:  observations 
by, 289-290, 303-305 
Glenn  particles, 285, 303-305 
See  also  Spacecraft, 
observations  from 
Glossary  of  Meteorology:  quoted 
on  mirage  definit ion, 

551 (Case  35) 

Godman  Air  Force  Base, Ky., 847 
Gorman, George  F.:  pilot  in 

Fargo, N.D.  case.848-849 
Goose  Air  Fcrce  Base , Labrador 
case,  Dec. 1952,188-189 
Goose  Bay,  Labrador  .case  .lune 
1954,207-210 
Goudsmit .Samuel  A. ,867 
Grand  Marais , Minn. case  Sept.  1966 
178-181 

Grass, space  sec  "Space  grass" 
Graupel  see  also  Hail 
Great  Bend, KansTcase, 1227-1228 
Great  Falls  Air  Base, Mont.  ,75-76 
Great  Falls,  Mont. case  Aug. 1950, 
75,119  626-635 (Case  47) 
motion  picture, 740, Plate  27 
Greece, Ministry  of  National 

Defense  National  Meteor 
Service:  reports  file  in, 
926 

"Green  flash"  :  of  the  sun,  1038- 
1040,M)55-156 
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Green (Gabriel,  Let’s  Face  the  Facts 
about  Flying  Saucers: quoted 
on  ancient  sighting,  824,828, 
829-831 

Ground  clutter: radar  detection  of, 
1099-1117,1123-1124 
Ground  markings: alleged  from  UFOs, 
128-131 

Ground  return, distant  see  Distant 
ground  return 

Groups:susceptibility  of,  980-981 
Grudge, pro j ect , see  Project  Grudge 
Gulf  of  Mexico, La.  coast  case  Dec. 
1952,  220-223 

Gulf  of  Mexico, "Sebago"case  Nov. 
1957,  247,250-253 

Gulfstream  Aircraft , Huntsville, Ala. 
case  March  1966,  113,116, 
702-709  (Case  54), 741-742, 
Plate  52-57 

Maggarty ,John,  829 
Hail :electric  fields  associated 
with,  1176,1182-1184 
Haleakala  Observatory : I ,Feb . 1966, 
1234-1239 

II, Sept. 1967,  1241-1246 
II, method  of  investigation, 1215 
Halford-Watkins .Carol ,  135-136 
Hall ,Asaph:discovered  moons  of  Mars, 
45 

Hall .Richard :on  alleged  ring 
imprints,  129 
on  "angel  hair" ,  132 
Hall  .Richard,  The  UFO  Evidence, 

21 , lul 

index  of  reports,  31 
Callucinationidevelopment  of,  978 
see  also  Hoaxes 

Haneda  Air  Force  Base, Japan, case 
Aug. 1952,  184,186-188 
Harder,  James  A.:on  Truckee  case, 
35,883 

Harvard  College  Observatory, Pike's 
Peak  Station: expedition  of 
1870' s,  quoted  or.  mountair.top 
thunderstorms,  1181-1185 
Harvard  Meteor  Project  (1954-1958), 
65,906,1219,1220 
Hauser  Research  and  Engineering 
Company: in  Case  3,  388 
Havana, Ill.  photographic  station, 
1220 

see  also  Radar  Meteor  Project, 
Long  Branch,  1 11. 

Hayes,  Allen:in  Case  38,  576 


Haynesville,La.  case,  87-101 
Heilmaier,  Erich  Paul: on  Antarctic 
events,  149 
Herold,C.,  58 

Hidden  data  see  Photographs : data , 
hidden 

Highwood  Ranger  Station, Alberta, 
case,  720-728(Case  57) 

Hi  11, Barney  and  Betty, case,  899 
Hillsdale, Mich,  case  Mar. 196b, 

899-902 

Hoax:as  possible  explanation,  724, 

725,  727 

as  probable  explanation,  51, 
89-92,125-126,506-507  (Case 
26)  ,847,851,862,943,965-966 
categories  of,  114,115 
of  ancient  reports,  839-840 
of  Book  of  Dzyan,  835 
of  Byland  Abbey  mss.,  829-830 
optical,  114-115, 738, Plate  10-12 
photographic.  114,120,714(Case  55) 
photographic  discrepancies,  498- 
502  (Case  24) ,637-640(Caso  48), 
671-696(Case  52) ,724-727(Case 
57) 

physical,  114-115, 122, 738, Plate 
8-9 

reasons  for,  979 

Hokkaido, Japan, case, Feb . 1953,  181-182 
Holloman  Air  Force  Base,  223-224 
Holy  Bible  see  Bible 
Hooven, Frederick  J.:quoted  on  mag¬ 
netic  mapping,  153-156 
Hope, Major  K.J.:on  photographs  (Case  57), 
723-724 

Horse  case, Colo.  (Case  32) ,527-531 
Hostile  action: recognition  of, 866, 870 
Hot-air  balloons  see  Bal loons  , hot -ai r 
Howard, J.H.,  364 

Humidity  gradients  in  atmosphere  see 

Atmosphere .humidity  gradients  in 
Hurricanes,  1175 
Husted.A. ,Sgt,in  Case  50,  664 
Huygen's  principle,  1000 
Hynek,  J. Allen,  21,706(Case  54) 

in  Case  8,  416-417;  in  Case  16,445 
in  Case  38,575 

in  Project  Grudge  report , Aug . 1949 , 
851 

on  Bismarck, N.D. case,  198-200 
on  Dexter  and  Hi  1 Isdal e  .Mich  . 

cases,  899 
on  field  teams,  24 
on  Louisvi 1 lc ,Ky . case ,  848 
on  single-observer  sightings,  105 
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Ilynek,  J.  Allen  (con't) 

on  unidentified  sightings,  1269 
quoted,  hearings  on  UFO  problems, 
910,911 

quoted  on  Case  2,  186-387 
report  of  Case  57,  724,727 
source  of  data,  110 
Hypnosis,  983 

in  Case  42,  598-599 
llvpothesei  : 

evaluation  of,  840-841 
formation  of,  1273-1274 
testing  of,  1272-1278  passim 
Hysteria  .'contagion  of,  981-982,984 
sec  also  Mass  hysteria 

Iceland  volcanic  eruptions:  Nov. 1963 
electric  fields  of,  1179 
Identified  Flying  Object:  defined, 14 
I  HIM:  Spectrum  1966:  quoted  on  North¬ 
east  power  outage,  1^0-171 
Ignis  Fatuus,  1174 

1 1,1  see  Intelligent  Life  lilsewhere 
Illusions,  optical  see  Optical  illusions 
Tmage  inversion, 1022-1023 
Image  orth icon, 1253- 1255 
aerial  coverage  by, 1264 
Imagination: as  probable  explanation ,92-94 
Imprints  see  Landing-gear  imprints; 

Ring  imprints 

Incident  No. 40,  July  1947: 

Project  Crudge  report  quoted  on  852-853 
Incident  No.51,  Sept. 1947: 

Project  drudge  report  quoted  on  853- S54 
Induct ive  reasoning,  1272-1273 
Insects:  radar  detection  of,  1073, 
1088-1091,1114,1249-1251 
Instrumentation  :  use  of, in  Case  27,508-510 
Intelligence,  extraterrestrial  see 

F.xtraterrest  r  ial  Intel  1  igence 
Intelligent  Life  lilsewhere  ( ILli)  ,36-46 
opinions  on,  61 

International  det  Acquainted  Program 
Denmark,  8°4 

Internal  Revenue  Service  see  U.S., 

Internal  Revenue  Service 
Interpretation:  of  sighting  reports, 

943-974 

Interstellar  distances,  37-46 
Interviewing  of  witnesses  see 

Witnesses,  interviewing  of 
"Invasion  from  Mars",  980 
Inversions  see  Image  inversion; 

Temperature  inversion 
Investigators:  availability  of, 86-87 
equipment  of,  86 
selection  of  data  by,  1215 


Ion  rocket  engines : development  of, 

1159 

Ionization  of  matter, 1 157- 1 158 
Ionized  particles:radar  detection 
of, 1073, 1C93- 1097 
Iris  (goddess) :myths  of, 818-819 
Irkutsk  Magnetic  and  Meteorological 
Observatory , 1188-1 1 89 
I zu, Japan,  earthquake,  Nov. 1930: 
luminous  effects  of, 1181 

Jack-o- lanterns ,  1174 
JANAP  see  Joint  Army-Navy-Air 
Jessup, Mr. :on  byland  Abbey  sighting, 828 
Jet  exhaust  stream: as  probable 
explanat ion ,964 

Joint  Armv-Navy-Ai  r  I’ubl  icat  i  on ,  146 , 1 1 1 
on  reports  of  sight ings ,887-889 
Jones ,R.V.  : quo ted  on  eyewitness 

credibi 1 i tv ,9bl ,966  967 ,969 
Jueneman  ,  Frederick  B.  :on  llbatuba, 

Brazil  case,  142 

Jung ,C . J . :quoted  on  ancient  sight¬ 
ings,  825 

Flying  Saucers: on  anxieties ,982 
Jupiter, planet :as  probable  explana¬ 
tion  ,  193 , 199-200,405 ,4 10 
(Case  6)  ,440-441  (Case  14)  , 
563,571-574  (Case  571 
life  on, 41 

Kamakura  earthquake  1257: luminous 
effects  of,  list) 

Kalstron.d.K.  : quoted  on  da  c  !>2, 

671-672 

Keel .John  A. :on  "space  grass", 133 
quoted  on  LVA  discards, 306 
Keldysh ,M.V. ,924 
Ke i  1  ogg , W . W .  ,91 3 

Kepler's  Laws :appl ied  to  satellite 
orb  its,  279 ,280 

Kerekhoff ,A.C.  and  K. W. Back,  The 
June  Bug,  quoted, 981  ~ 

Keyhoe  .Donald  l-.:di  rector  of  N1CAP, 

19 

discontinued  reporting, 53 
founded  NICAP.8/6 
on  Fargo, N.D.  case, 849 
"Flying  Saucers  are  Real"(in 
True  Magazine) . 19 , '4 , 856 
Keyhoe  .Tonal d  F. .,  Flying  Saucers  from 
Outer  Sjiuce ,  851 
quoted,  87b -  8 " " 

Kincheloe  Air  Force  Base, Mich. 

case  ,  Sept . 19b~ , 24~- 249 
kirtland  Air  Force  Base.N.M.  case 
Nov.  1957,21  1 .215 
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Klass,  P.J., 1170, 1190 
Klass,  P.J.,  UFOs  Identified, 

discussed , quoted , 1 191-1193 
Konrads en,K.G. : quoted  on  Danish 
study  programs, 925-926 
Kugelblitz  see  Ball  lightning 
Kuiper.Gera:  1  P.: quoted  on  outer 
space  searching,  20 
Kwanto , J apan , earthquake , Sept . 1923 : 

luminous  effects  of,  1181 
Kyoto .Japan .earthquake,  1830: 

luminous  effects  of, 1181 

Labrador  case, June  1954,207-210 
Lackenheath  case, Aug. 1956, 245- 246 
Lakevi 1 ie ,Conn . case , Jan . 1967 , 

733- 736, 742, Plate  64 
Landing-geaT>  imprints, alleged, 

129,131 

Langmuir, Irving : on  Phoenix, Ariz. 
incident, 853 

Lasers : tracking  by,  1256-1257 
Lawnmower's  muffler: as  explanation, 
137 

LeBailly,E.B.  .Maj.Gen. ,USAF: 

quoted  on  Project  Blue  Book, 
902-903,  905 

Lehner, Ernst  and  Johanna,  Lure  and 
Lore  of  Outer  Space: quoted  on 
Chinese  celestrial  globe,  816 
Lens  flares:as  UFO  images,  113,114, 
738,  Plate  6 

Lenticular  clouds  see  Clouds,  len¬ 
ticular 

Leshkovtsev.V. : quoted  on  sightings, 
924-925 

Leslie, Desmond,  and  George  Adamski, 

Flying  Saucers  Have  Landed, 879 
quoted  on  Byland  Abbey  sightings, 
828-829 

Leonid  shower,  293 
Level  land, Texas  event, Nov. 1957,  161 
Levy .John: in  Case  38,  577 
Lied,  Finn,  134 
Light: scattering,  1047-1052 
Light  waves: anomalous  propagation  of, 
173-266  passim 

causes  of  refraction,  1000-1001 
color  separation  of,  1037-1044, 
1055 

propagation  of,  46-49 
refraction  of,  998,1014-1017,1052 
refractive  index  of , 1000-1004, 
1009-1010,  1054 
signal-to-noise  ratio,  1248 


Lighted  balloons  see  Balloons, 
lighted 

Lightning  properties  of,  1156,1158, 
1162-1164,1171-1188  passim 
radar  detection  of,  1093-1095 
see  also  Ball  lightning;  Thunder¬ 
storms;  Tornado  lightning; 
Volcano  lightning 
Lipp, James  E.,  851 
letter  on  ILE,  37 

Literature,  UFO: effect  on  children, 8 
Local  debris  see  Spacecraft, obser¬ 
vations  from 

Look  special  ed.,1967,  on  flying 
saucers,  49,51 
Lorenzen,  Coral,  860 
head  of  APR0.19 

on  alleged  landing  gear  imprints, 
178-129 

on  luminous  haze,  132 
on  Ubatuba, Brazil  case,  54,138-139, 
142 

Lorenzen,  Coral,  Flying  Saucers :The 
Startling  Evidence  of  the  In¬ 
vasion  from  Outer  Space: 
quoted,  879 

The  Great  Flying  Saucer  Hoax, 879 
on  Case  4,  391 

Lorenzen,  James  .-head  of  APR0.19 
Los  Alamos  Scientific  Laboratory 
event(1950, 1951, 1952) ,  147 
Louisiana-Texas  case, Sept.  1957, 
203-207 

Louis ville,Ky . , case,  Jan. 1948,847-848 
Lovell, James  A.  ,Jr. :quoted  on  "bogie", 
310-311 

quoted  on  discards,  305-306 
quoted  on  rendezvous,  302 
Low, Robert  J.,  915-917 

appointed  to  Colorado  project ,  viii 
quoted  on  Fuller  article,  915 
"Unexplained  Electric  Power  Inter¬ 
ruptions",  161-  171 

Lowell,  Percival:on  canals  on  Mars, 45 
Lower  atmosphere  see  Atmosphere, lower 
Lowes, John  Livingston: quoted  on 
ancient  sightings,  826-827 
Luminescence: from  bolide,  1186,1189, 
1190 

from  earthquakes,  1180-1182 
Luminescence,  snowstorm  see  Snowstorm 
luminescence 

Luminous  particles  see  Spacecraft, 
observations  from 
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McChord  Air  Force  Base, Seattle, Wash. 

case, Oct. 1959,  219-220 
McDivitt,  James  A.:  observations  by, 
307-309 

McDonald, James  E.,  927,928 
in  Case  50,  657-662 
in  Case  52,  683-684,690,692 
on  future  research, 1269 
on  northeast  power  outage, 167 
quoted  on  extraterrestrial 
hypothesis, 34 

quoted  on  numbers  of  reports , 

969 

reports  in  other  parts  of  the 
world, 16 

source  of  data,  110 
McGuire  Air  Force  Base,  N.J.: 

reports  to, 32 
Mach  number, 1148 

Mackay,  Charles,  Extraordinary  Pop¬ 
ular  Delusions  and  the 
Madness  of  Crowds: quoted, 979 
McKinley , J. L. : quoted  on  power  outages, 
163-164 

McLaughlin, R.B. ,Cmdr ,USN,"How 

Scientists  Tracked  Flying 
Saucers" : quoted  on  sighting, 
(1950),  856 

McMinnville, Ore.  case, May  1950,  112, 
119,607-625,739,  Plate  23-24 
article  on, 856 

Magazine  articles:on  cases  (1947), 

847;  (1950)855-856;  (1952), 
862-864 

Magnesium, metal ,  54 

as  probable  explanation, 391-396 
(Case  4) 

in  Ubatuba, Brazil  case, 138-143 
Magnet,  project  see  Project  magnet 
Magnetic  disturbances,  1189 

observational  program  for, 67 
See  also  Geomagnetic  storms 
Magnetic  fields : effect  on  automo¬ 
biles,  53,151-161,172,582-588 
(Case  39) 

Magnetic  field, earth :disturbances  of, 
53,148-150,172,1255,1256 
sea  level  average,  1160-1162 
strength  detection  of, 1255,1256 
Magnetic  mapping: car  bodies, 
153-161,172 

Magnetometers .proton  see  Proton  mag¬ 
netometers 

Malfunctions  of  automobiles  see 
Automobile  malfunctions 
Malfunction  of  radar  see  Radar,  mal¬ 
function  of 
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Maney ,C.A. :on  "angel  hair", 131 -132 
on  ring  imprints,  129 
Manhattan  Beach, Calif,  case, Feb. 1957, 

133 

Man-made  device  see  Artifacts 
Manning,  T.E.,  915 

Mantel  1,  Thomas  :ir.  Louisville.Ky  case, 

847-848 

Mapping, magnetic  see  Magnetic  mapping 
Marconi  Research  Laboratory .England, 

1085 

The  Marine  Observer:  quoted  on  astro¬ 
nomical  refraction, 1040, 1044 
quoted  on  atmospheric  refraction, 

1028,1030 

Marliens .France  incident,  May  1967, 

136 

Mars , planet  gravitational  pull  of,  i 

42-43 

life  on,  41,44-46 
Marsh  gas,  1174 

"Martian  Invasion  Defense  Program", 

875 

Mary nov, D. : quoted  on  sightings, 

924-925 

Mass  hysteria,  979-982 
Material  deposited, alleged,  131-133 
Matter, ionization  of  see  Ionization 
of  matter 

Maury  Island  incident ,  ( 194 7),1 1<J  ,84b  ,965 
Menzel, Donald  II.,  21,46-47,925,927 

"Do  Flying  Saucers  Move  in  Straight 
Lines?",  891-892 
Flying  Saucers,  879 
Menzel,  DTH.and  L.G.Boyd:on  Case  49, 

647 

Menzel, D.H.  and  L.G.doyd,  The  World 
of  Flying  Saucers :on  Case  48, 
577,639-640 

Mercury  6 observations  from,  289-250 
Mercury  7 observations  from,  9,290, 

303-305 

Mercury  8:observations  from,  290-291, 

293 

Mercury  9 observations  from  291,294 
Mercury  flights,  288 

log  of  manned  flights,  270 
observations  assigned  271-273 
observations  from,  268-312 
time  in  orbit,  269 
Mercury,  planet:  life  on,  41 
Merint  reports : securi ty  for,  888 
Merritt .Everitt .photogrammet i st 
50-51 

Metallic  material:  from  St.  Lawrence 
River  case,  135-136 
from  Case  42,  137-138 
from  Ubatuba  case,  138-145 
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Meteor  sounds  see  Noise 
Meteorite  Recovery  Project  see 
Smithsonian  Meteorite 
Recovery  Project 
Meteorites: electric  fields  of, 
1185-1188,1189,1190 
photographs  of  path,  1220 
radar  detection  of,  1097 
recovery  of,  1223 
trajectories  of,  281 
Meteoroids :as  probable  explanation, 
947-948,1255 
detection  of,  1254 
electric  fields  produced  by, 
1185-1186,1189 
source  of,  1219 

Meteorological  conditions : summarized, 
261,263 

Meteorological  optics  see  Optics, 
atmospheric 

Meteors: as  probable  explanation, 
196,203,223,236,250,253, 
508-510  (Case  27),  560-562 
(Case  36),  948-961  passim, 
1227-1228 

characteristics  of, 1258- 1262 
electric  fields  of ,1156,1158, 
1185-1188 
flux  of,  971 
luminosity  of,  293 
observed  from  spacecraft,  293 
radar  tracking  of,  1252-1253 
research  on,  1219-1229,1252-1254 
source  of,  1219 

Meteors,  Geminid  see  Geminid  meteors 
Meteor  trails :radar  detection  of, 
1096-1097 
described,  1186 
Methodology,  statistical  see 

Statistical  methodology 
Michaux.C.M. ,  Handbook  of  the  Physi¬ 
cal  Properties  of  the  Planet 
Mars ,  44 

Michel,  Aime,  890-892 
on  "angel  hair",  132 
Micrometeorites,  1188-1190 
Middleton, W.E. Knowles ,  Vision  through 
the  Atmosphere,  1047 
Mie, Gustav,  1249 

Military  communication  channels  see 
Communication  channels 
Military  installations rreports  near, 
32,  31 

Miller, Stanley  l. :  on  life  proteins, 
40 


Millman,  Peter  M.,  in  Case  22,  492 
of  Canadian  UFO  study  program, 
921-922 

on  single  observer  sightings, 105 
Minnaert,  M. :  on  lights  from  swamps, 
900-901 

quoted  on  Case  54,  706 
Mirage:  as  probable  explanation, 

209-21C;226-227, 541,551-554, 
555-557  (Case  35) 

characteristics  of,  988,1017-1030, 
1053-1056 

formation  of,  551,553,554-557 
(Case  35) 

Mirage  images:  brightening  of,  1033- 
1037 

focu*lg  of,  1033- 1037, 1052, 1055- 
1056 

number  and  shape  of,  1022-1030 
Mirage,  optical,  191,192,987-1056 
defined,  987 
distortions,  987 
duration,  987,1020-1022 
literature  of,  937-999 
Mirfak,  star :probably  sighted,  198 
Misidentification:  as  probable 
explanation,  51 
of  real  stimuli,  977 
Misinterpretations  probable  expla¬ 
nation,  94-100,943-974 
Missile,  sub-orbital :as  probable 
explanation,  1241 
Mohawk  Airlines  case,  213-214 
Moons  probable  explanation,  1228 
photographed,  113 
trails  of,  738,  Plate  3 
fragments, as  probable  explanation, 
947-948 

Moon  satellites  see  Satel lites ,moon 
Moroney , N . J . ,  Facts  from  Figures: 

quoted  on  statistics,  1271,  1277 
Moseley,  James  W.:  on  flying  sai.cer 
captured,  128 
operator  of  Saucers,  19 
Motion: judgment  of,  934,938 
Mt.Palomar  Observatory  event  Oct. 1949, 
147 

Mt.Palomar  Observatory  Sky  At  las, 906 
Mt.Palomar  Schmidt  telescope,  1254 
Mountaintop  electricity : physiolog¬ 
ical  effects  of,  1182-1185 
Mountaintops: electric  fields  on 
1156,1181-1185 

Murrow , Edward  R. :television  show, 856 
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Mustel.E. rquoted  on  sightings, 
924-925 

Mystery  see  Secrecy 

Narashimhan,C.V. :quoted  on  United 
Nations,  927 

Nash.W.B.,  364 

National  Academy  of  Sciences, 918 
to  review  Colorado  project,  ix 

National  Academy  of  Sciences, 

Space  Science  Board,  Biology 
and  Exploration  of  Mars,  44 

National  Aeronautics  and  Space 
Administration  (NASA)  see 
U.S. National  Aeronautics  and 
Space  Administration 

National  Center  for  Atmospheric 
Research  (NCAR)  ,  5 
support  of  Colorado  project, 
viii.ix 

National  defense : relation  of  reports 
to,  7 

National  Investigations  Committee 
for  Aerial  Phenomena  (NICAP) , 
19,32,33,85,325,328-330,582- 
588  (Case  39), 644-645  (Case 
49),  657-662  (Case  50) 
field  teams,  23 
file  of  UFO  reports,  31 
founded,  876 
in  Case  52,  671-697 
incorporated,  893 
investigation  by,  94 
on  Chiles -Whit ted  case,  963 
published  reports  of  Project 
Grudge  and  Project  Blue  Book, 
857 

reports  of  cases,  73 
sighting  reports  received  (1967) , 
84 

source  of  data,  110,178 
types  of  reports  investigated, 

105 

National  Opinion  Research  Center, 

337 

National  Research  Council,  Ottawa, 
Upper  Atmosphere  Research 
Section:  Non-Meteoritic 
Sighting  File,  9 22 

National  Science  Foundation  see  U.S. 
National  Science  Foundation 

National  security:  threat  to, 

7,18,864,869-871 ,893,903,906, 
909 

Naval  Photogiaphic  Interpretation 
Center  see  U.S.  Naval  Photo¬ 
graphic  Interpretation  Center 


NCAR  see  National  Center  for  Atmos¬ 
pheric  Research 
Negatives  see  Films 
Nemuro  AF  Detachment,  Hokkaido, Japan, 
case  Feb. 1953,  181-182 
Neoprene  balloons  see  Balloons,  neo¬ 
prene 

Neptune, planet: life  on,  41 
Nests  see  "Saucer  nests" 

Network  of  observing  stations : possi¬ 
bilities  of,  64-67 
New  Mexico  aircraft  flight  case 
April  1966,  114,710-714 
New  Zealand:study  program  in,  926 
Niagara  Falls, N.Y.,  case  July  1957, 

219 

NICAP  see  National  Investigations 

Committee  for  Aerial  Phenomena 
Noise:from  bolides,  1186-1187,1188-1189 
from  electric  storms,  7,1183-1184 
from  fireball  of  Feb. 1913,  960,962 
from  meteorites,  1187 
from  meteors,  1185,1186,1187-1188 
in  tornadoes,  1176,1177 
Nolli .Gianfranco: on  "Tulli  papyrus", 

839 

Non-event :e.g. Case  19,  100-102,466-467 
Non-Meteoritic  Sighting  File, Canada, 

922 

Non-sighters  :demographic  analysis  of, 
325,337-338 
reporting  by,  338-348 
responses  to  opinion  survev,  350 
N0RAD  see  North  American  Air  Defense 
Command 

North  American  Air  Defense  Command, 298 
catalogue  of  obiccts  in  orbit, 294, 
308 

identification  of  Zond  IV,  949 
in  Case  52,  687-690,696 
on  Gemini  4  sighting,  308 
North  American  Power  Systems  Inter¬ 
connection  Committee  July  1967. 
164 

Northeast  power  outage  March  1965, 
164-171 

Northrop  Corporation,  1153 
Nuclear  explosion:as  possible  expla¬ 
nation  of  bolide,  1189 
Null  hypothesis  see  Reports,  null 
hypothesis  applied  to 
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Objects  in  space  see  Artifacts; 
Space  objects;  Spacecraft; 
Satellites 

O'Brien,  Brian,  i , 10, 18,903-904 
O'Brien  Committee,  109,893-913, 

916 

quoted  on  project  recommenda¬ 
tions,  10,11,18 
recommendations  of,  907-908 
report  commented  on,  909 
report  quoted,  905-908 
Observatories,  geomagnetic  see 
Geomagnetic  observatories 
Observer:  ability  of,  1214-1215 
conceptions  see  Conceptions  of 
observers 

creditability  of,  976,982-983 
defects  of  vision,  47 
psychology  of,  984 
See  also  Sighters 

Odessa,  Wash,  case,  Dec.  1952,  210- 
212 

O'Keefe,  John  A.:  on  Glenn  effect, 
304-305 

Old  Testament  see  Bible 
Olivier,  Qiarles  P.:  analysis  of 
fireball  reports,  970 
in  Case  36,  562 

Olmsted  Air  Force  Base:  reports  to, 
32 

Olsen,  T.,  The  Reference  for  Out¬ 
standing  UFO  Reports: 
index  of  reports,  31 
Opinion  on  UFOs,  315-362 

correlated  to  age  and  education, 
355-361 

Opinion,  public  see  Public  opinion 
Opinion  Research~Center  see  National 
Opinion  Research  Center 
Opinion  Research  Corporation,  60, 

62 

Caravan  surveys,  316-317,  325, 
326,  337 

Oppenheimer,  J.  Robert,  867,  875 
Optical  illusion:  nature  of,  977 
Optical  mirage  see  Mirage,  optical 
Optical  refractive  index  see  Light 
waves,  refractive  index 
Optical  scintillation  see 
Scintillation 

Optical  waves  see  Light  waves 
Optics,  atmospheric,  46-47 
Optics,  geometrical:  of  mirage, 

1000,  1007,  1054 


Optics,  meteorological  see  Optics, 
atmospheric 

Orbiting  Solar  Observatory,  285-286 
Orcadas  Naval  Station,  Antarctica, 
event  July  1965,  148-150 
Orlansky,  Jesse:  member  O'Brien 
committee,  904 
Orthicon  see  Image  orthicon 
Orthoteny:  defined,  890 
Ostrom,  Carl  E:  in  Case  38,  580 
on  forest  damage,  130-131 
Oswego,  Oregon,  incident.  Sept.  1947, 
853-854 

Ottawa  New  Sciences  Club,  135-136 
Outer  Space  Affairs  Group  sec  United 
Nations,  Outer  Space  Affairs 
Group 

Owls:  as  probable  explanation,  468, 
472-473  (Case  20) 


Page,  R.M.,  The  Origin  of  Radar,  55 
Page,  Thornton,  868-869 
Polomar  Observatory  see  Mt.  Palomar 
Observatory 

Panoramic  Research  Laboratory,  852- 
853 

Paris,  Texas  case,  March  1967,  196 
Particles,  ionized  see  Ionized 
particles 

Pearson  Product  Moment  Coefficients, 
333,  357 

Pennsylvan:  a  Power  6  Light  Company 
outage,  June  1967,  162 
Pegasus  B:  observed  from  spacecraft, 
308-309 

Percept:  formulation  of,  937-939 
influences  on,  940 
Perception,  976-981 

causes  of,  943-948,  962-964,974 
defined,  937 
distortions  of,  977-981 
errors  in,  977-979 
medical  and  psychological  tests 
of,  982 

process  of,  930-941 
Perception,  visual,  46 
Physical  effects,  52-55,  128-144, 
146-172 

Physiological  effects,  146 
Phobos,  moon  of  Mars,  45 
Phoenix,  Ariz.  incident,  July  1947, 
quoted  from  Project  Grudge 
report,  852-85.3 
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Photoelectric  sensors:  recommenda¬ 
tions  for,  1266 

Photographic  effects:  common 
classes  of,  113 

Photographic  evidence:  discussed 
by  Klass,  1191-1192 

Photographic  network:  for  future 
research,  1269 

Photographs:  as  evidence,  89-90,108 
classification  of  cases,  116, 
117,  118 

conclusions  summarized,  124-125 
criteria  for  study,  120-121 
data,  hidden,  110-111 
diagnostic  characteristics,  115 
fabrication  of,  120 
first  reported,  July  4,  1947, 

845 

from  spacecraft:  Proton  III, 
298,299,  Plate  17,18 
from  spacecraft:  Radar  Evalua¬ 
tion  Pod,  300,  739,  Plate  19 
Gemini  program,  302,  Plate  18,19 
in  Case  7,  411-415 
in  Case  24,  498-502 
in  Case  46,  607-625 
in  Case  47,  628-635 
in  Case  48,  637-640 
in  Case  49,  641-653 
in  Case  50,  655-665 
in  Case  51,  667-670 
in  Case  52,  671-697 
in  Case  53,  115,  698-700 
in  Case  54,  702-709 
in  Case  55,  710-714 
in  Case  56,  716-718 
in  Case  57,  720,722-727 
in  Case  58,  729-732 
in  Case  59,  733,735,736 
in  Phoenix,  Ariz.  case,  852-853 
of  fireballs,  970-971 
of  meteors,  1219-1229 
of  RCAF  pilot,  1956,  1170 
of  stars,  1219-1229 
priorities  for  study  of,  116 
quality  of,  112 
study  of,  49-52 
types  of,  111 

unexplained  cases,  10'.),  119 
unexplained  cases  suininur  i  zed  , 
125-126 

Photometer*  airglow:  searching, 
1234-1239 

sky  coverage  by,  1263 


Photometers,  scanning,  1232-1234 
analysis  of  data  of,  1215 
in  UFO  searches,  66 
space  coverage  by,  1263,1265 
Photometer,  zodiacal  light:  scanning, 
1241-1246 

Pibal  balloon  see  Weather  balloon 

Pickering,  W.  H.,  1229 

Pike's  Peak  Station  see  Harvard 

College  Observatory,  Pike's 
Peak  Station 

Pilot  balloons  see  Balloons,  lighted 
Plan  Position  Indicator  see  Radar- 
Plan  Position  Indicator 
Planets  see  names  of  individual 
planets 

Plasma,  1156-1194 

characteristics  expected,  1194 
radar  detection  of,  1073,1093- 
1097 

Plasma  blobs:  as  possible  explana¬ 
tion,  1191 

Plasma  UFO  Conference,  Boulder,  Colo. 

Oct.  1967,  1193-1194 
Plastic  balloons  see  Balloons,  neo¬ 
prene;  Balloons,  polyethylene 
Pluto,  planet,  1229 
life  on,  41 

Poe,  William  E:  quoted  in  Case  52, 

685 

Polls  see  Colorado  Study  of  Public 

Attitudes,  1968;  Gallup;  .  ■  inion 
Research  Corporation-Caravan 
Surveys;  Public  Opinion 
Pollux,  star:  probably  lighted,  198 
Polyethylene  balloons  see  Balloons, 
polyethylene 
Polygraph:  use  of,  983 
Population:  samples  of,  325-332 
Port  Townsend,  Wash,  case:  soil 
tests,  131 

Powell,  Bill:  in  Case  46,  610 
Power  line  faults:  as  probable 

explanation,  503  (Case  25) 

Power  systems  see  Electric  power 
systems 

Powers,  W.  T.:  on  future  research, 

1269 

Prairie  Network,  65-66,  111,1.”.  I, 

1255,  I2(.l  ,1269 
as  source  <>l  data,  111 
capah  i  1  i  t  i  es  of,  I  265 
evaluation  of,  1224-1229 
field  headquarters  of,  1223,1224 
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operation  of,  1219-1229 
recounendations  for,  1266 
reports,  files  classified,  1227 
sightings  by,  1224,  1230 
space  coverage  by,  1262-1264 
Pranks  see  Hoaxes 
Precipitation:  radar  detection  of, 
1073,1074-1078 

President's  Commission  on  Law 

Enforcement  and  Administra¬ 
tion,  339 

Presnell,  R.  I.,  58 
Presque  Isle  State  Park,  Penna. 
incident,  July  1966: 
landing  gear  imprint  at, 

129 

Price,  William,  12 
Pro,  Maynard,  J.:  analysis  in  Case 
4,  393 

analysis  of  metal,  141 
Product  Moment  Coefficients  see 
Pearson  Product  Moment 
Coefficients 

Project  Blue  Book,  7,10,11,18,74,76, 
80,82,99-100,129,134,147, 
379,381-385  (Case  2),  397- 
398(Case  5)  ,325,328-330,551 
(Case  35),  642-652  passim 
(Case  49),  685,693  (Case 
52), 713  (Case  55) 
correspondence  re  Case  47,  627- 
632 

establishment  of,  857,860 
file  of  UFO  reports,  31 
operating  instructions,  884 
personnel  investigating 

Michigan  cases,  899-902 
report  on  Zond  IV,  949,950 
reports  for  1953  to  65,  893 
reports  of  cases,  73 
review  of,  903,905-908 
source  of  data,  110,178 
source  ot  reports,  33 
Project  Grudge,  851-866 

establishment  of,  850,857 
reactivated  Oct.  1941,  857 
recommendations  of,  853-855,857 
Project  Magnet,  922 
Project  Second  Storey:  study  pro¬ 
gram  of,  922 
Project  Sign,  844-851 

final  report  quoted, ( 1949 , ) 
850-851 

final  report  quoted  by  Keyhoe, 
851 


Project  Sign,  Estimate  of  the  Situa¬ 
tion:  Conclusions  of,  849 

Proton  III :  observed  from  spacecraft, 
298-300 

Proton  magnetometers;  described,  1255- 
1256 

Proximal  stimulus:  ambiguity  of, 
932-934 

Psychiatric  evaluation:  of  observers 
recommended,  983 

Psychiatric  problems,  6 

Psychiatric  studies:  possibility  of, 

64 

Psychic  predictions,  100  (Case  19) 

Psychological  studies:  possibility 
of,  63 

Psychological  testing  in  cases  33, 

38,  42,  87,598-599  (Case  42) 
of  observers  recommended,  983 
value  of,  104 

Psychological  Warfare  Division:  in 
Grudge  recommendations,  854- 
855 

Psychology,  national:  effect  of 
propaganda  on ,  870 

Public  Attitudes  Study  see_  Colorado 
Study  of  Public  Attitudes, 

1968 

Public  opinion:  on  UFOs,  59-62, 

315-362 

Public  opinion  poll  respondents, 

demographic  analvsis  of,  319- 
323 

Putt,  Donald,  Brig.  Gen.,USAI;,  851 

Pvibram,  Czechoslovak i a  meteor,  1223 


Quintanilla,  Hector,  Lt.  Col.,USAF, 
21 


Radar,  55-58 

anomalous  propagation  effects, 
173-266  passim,  1109-1114, 
1249 

as  probable  explanation,  188, 
194,203,223,239,247,250,253, 
257-258,261-266,445  (Case 
16),  541,551-558  (Case  35). 
743,859,  Plate  68 
formation  of,  551-558  (Case 
35) 

cardinal  point  effect,  1116 
corner  reflectors,  1116 
c.  rvature  of  waves,  1106-1110 


1456 


,  ... 


•i 


echo:  "Angels",  1088,1091,1099, 
1100,1113-1114 
as  RFI ,  1118 
auroras,  1093,1095-1096 
ball  lightning,  1095 
birds  and  insects,  1081-1091 
chaff,  window,  rope,  1098-1099 
distant  ground  returns,  1099-1117 
evaluation  of,  1131-1137 
fireballs,  1097 
from  aircraft,  1078-1081 
ground  clutter,  1099-1117, 
1123-1124 

ionized  particles,  1093-1097 
lightning,  1093-1095 
meteorites,  1097 
meteors,  1096-1097 
multiple  trip,  1064,1091 
plasmas,  1093-1097 
precipitation,  1074-1078 
related  to  targets,  1071-1072, 
1138-1139 

satellite,  1091-1093 
sferics,  1095 
side  lobe,  1121-1131 
signal  variation,  1066-1069 
smoke ,  1099 

space  objects,  1091-1093 
surface  objects,  1099-1117 
terrain  features,  1099-1117 
weather  balloons,  1097-1098 
See  also  "Angels",  Radar, 
reflections 

false  targets,  1110-1139 
probable  explanation,  240 
frequency  bands,  1074-1131  passim 
fundamentals  of,  1063-1069 
ghost,  1121,1125-1127 
ground  clutter,  743,  Plate  68b 
information  from,  1059-1140 , 
1246-1253 

interference  signals,  1117-1121 
jamming,  133,136 
malfunction  of,  as  probable 
explanation,  445  (Case  16) 
noise  track,  as  probable 
explanation,  324 
plan  position  indicator,  742, 

Plate  b5, 1068-1069, 1071- 
1140  passim 

reflected,  as  probable  explana¬ 
tion,  183 

reflections,  1121-1131 
reflectors,  1124-1130,1134-1137 


resolving  power  of,  1246-1248 
sensitivity  of,  1248-1253 
side  lobes  of  antenna,  1111,1121- 
1131 

sighting,  397-404  (Case  5),  564- 
565  (Case  37) 

signal  sources,  1072-1131 
space  coverage  by,  1262-1263 
target  identification,  1110-1117, 
1131-1139 

target  intensity,  1133-1134 
target  velocity,  1131-1133 
tropospheric  propagation  of  radio 
waves,  1099-1117 
uses  of,  1246-1248 
WSR-57  weather  instruments,  1251- 
1252 

See  also  Radio  waves 
Radar  chaff,  133,136 

as  probable  explanation,  388, 

390  (Case  3) 

Radar  Evaluation  Pod,  739,  riate  19 
observed  from  spacecraft ,  3(f0 , 301 
sun-illuminated,  300 
Radar  evidence:  discussed  by  Klass, 
1191-1192 

Radar  Meteor  Project,  Long  Branch, 

Ill.,  1254 
described,  1252 
Radar  networks,  65 
Radar,  scanning:  space  coverage  by, 
1263-1264 

Radar  sightings  see  Sightings,  radar 
Radar  systems,  description  of,  1060- 
1063 

reliability  of,  1060,1069-1070 
1138-1139 

Radar,  weather  see  Weather  radar  network 
Radiation  level:  effects  on,  147, 

172 

Radioactivity:  claimed,  130,133 
Radio  blackouts:  relation  to  solar 
flares,  1159 
Radio  dusting,  1123 
Radio  frequency  interference  (RFI), 
1117-1121,1136 

Radio  interference,  743,  Plate  67 
Radio  meteorology:  principles  of, 
1100-1117 

Radiosonde  balloons  see  Balloons, 
Neoprene;  Weather  bal loons , 
Balloons  .Radio- sonde 
Radio  waves:  forward  scatter  of, 
1113-1115 
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propagation  of,  1100-1117 
reflection  of,  1100-1117,1138 
refraction  of,  1100-1117 
refractive  index,  176-177,1100- 
1117 

profiles  of,  179-256  passim 
See  also  Radar 
Rainbow:  myths  of,  818-819 
Raman,  C.V.:  on  mirage,  1052,1056 
Raaberg,  Walter:  quoted  on  "Tulli 
papyrus",  839 

Rankow,  Ralph:  in  Case  50,  662 

quoted  on  Case  52,  691,693-694 
Rapid  City,  S.D.  case,  Aug.  1953, 
196-203 

Ratchford,  J.  Thomas,  913 
set  up  project,  12 
Reasoning  see  Deductive  reasoning; 

Inductive  reasoning 
Recommendations:  for  future  inves¬ 
tigations,  265-266 
Reflection:  in  the  atmosphere, 
1006-1009 

Refraction:  in  the  atmosphere, 
1000-1007,1009-1011, 
1014-1016,1054 
literature  of,  988-999 
Refraction,  astronomical:  color 
separation  in,  1037-1044 
Refraction,  Snell's  law  of  see 

Snell's  law  of  refraction 
Refractive  index  see  Light  waves, 
refractive  index;  Radio 
waves,  refractive  index 
Reporting:  influences  on,  940 

medical  and  psychological  tests 
of,  982 

reliability  of,  964-974 
Reports,  969,974 

credibility  of,  940-941 
early,  16-19 
explanation  of..  24-30 
interpretation  of,  943-974 
Null  hypothesis  applied  to, 
127S-1276 

opinions  on,  315-362 
patterns  in,  1274-1275 
recommendation  for  handling,  6-7 
sources  of,  30-33 
stimuli  for,  13-16 
time  and  place  ot,  31,32 
Reports,  published,  availability 
of,  908 
classified,  18 


Revere  Copper  and  Brass,  Inc., 

Brooklyn,  N.Y.,  in  Case  3 
388 

Foil  Division,  133 

Ring  angels:  radar  identification  of, 
1088 

See  also  Radar, echo:  birds  and 
insects 

Ring  imprints:  alleged,  129-131 
Roach,  Franklin  E..  appointed  to 

Colorado  project,  viii,  917 
investigation  by,  94-99 
on  astronaut  observations,  58-59 
Roberts,  C.E.B.,  The  Mysterious 
Madame :  quoted  on  Mme. 

Blavatsky,  833 
Roberts,  Walter  Orr,  917 
Robertson,  H.P.,  18,866-867 
Robertson  Panel,  855,866-879,893 

"Debunking"  recommended  by,  873- 
879 

educational  program  recommended 
by,  878 

on  Case  49,  646,647,651 

report  quoted,  869-971  see  Appendix 

training  program  recommended  by, 

878 

Robinson,  Marvin,  927 
Rocket,  as  probable  explanation,  440 
(Case  i4) 

Rocket  boosters,  observed  from  space¬ 
craft,  305,310-311 
Rockets:  exhaust  trails,  114 

launch  paced  by  UFO,  114,124 
Rocky  Mountain  Power  Pool  meeting, 

June  1967,  164 

"Rope":  radar  detection  of,  1073, 
1098-1099 

Rorschach,  Hermann,  819-920 
Roth,  H.E.:  reports  of  sightings,  84 
Rothberg,  Gerald  H. :  on  future 
research,  1269 

quoted  on  all-sky  cameras,  1218- 
1219 

Roush,  J.  Edward,  68 
Royal  Canadian  Air  Force,  report  on 
Case  57,  720,723,725,726 
Royal  Canadian  Mounted  Police,  538- 
540  (Case  34) 

Rubber  balloons  sec  Balloons,  neoprene 
Ruppelt,  E.J.,  860 

head  of  Projects  Grudge  and  Blue 
Book,  857 

on  Case  49,  645,646,648,649 
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on  Des vergers  case,  862 
on  Louisville,  Ky.  case,  848 
on  Project  Grudge  report,  851- 
852 

quoted  on  Case  47,  631 
quoted  on  Keyhoe,  876 
quoted  on  Maury  Island  lioax,  965 
The  Report  on  Unidentified  Flying 
Objects,  21 
Rush,  Joseph  H. ,  1256 
Rusk,  Dean:  quoted  on  Colorado 
project,  926 

Russell,  Bertrand,  Skeptical  Essays: 
quoted  on  expert  opinion, 
840-841 

Russia  see  U.S.S.R. 

Sagan,  Carl,  68 

member  O'Brien  committee,  904 
St.  Elmo's  fire,  1158 

as  possible  explanation,  Klass 
theory  of,  1190 
described,  1170,1173 
See  also  Ball  lightning 
St.  Lawrence  River,  Quebec  case, 

July  1960,  134,135-136 
St.  Petersburg,  Fla.  incident,  1951, 
1172 

Salisbury,  Frank  B.:  quoted  on  moons 
on  Mars ,  46 

Sampling:  of  phenomena,  1274 
Santa  Ana,  Calif,  case,  Aug.  1965, 
112,115,123-124,671-697, 

741,  Plate  42 

Santa  Ana  Register,  in  Case  52,  685- 
594 

Satellites,  artificial:  as  probable 
explanation,  105,1255 
atmospheric  drag  on,  276-281 
brightness  of,  283 
characteristics  of,  1259-1262 
deceleration  of,  281-282 
for  future  earth -surveillance, 
1269 

orbit  of,  276-283,292,294-300 
radar  detection  of,  1073,1091- 
1093 

re-entries  of,  84,276,281 
See  also  Spacecraft 
Satellites,  earth:  search  for  small, 
1229-1232 

Satellite,  arth-survei 1 lance  see 
Earth-surveillance 
satellite 

Satellites,  moon:  search  for,  1231 


Satum,  Planet,  27,191 
life  on,  41 

Saucer  "nests":  alleged  of  UFOs,  128- 
131 

Saucers  and  Unexplained  Celestial 
Events  Research  Society 
(SAUCERS),  19 

Sault  Saint  Marie  Air  Force  Base  case. 
Sept.  1966,  193-194 
Saunders,  David  R.:  on  staff  of 
Colorado  project,  917 
Scanning  photometers  see  Photometers 
scanning 

Scanning  radar  see  Radar,  scanning 
Scattering  of  1 ight  see  Light, 
scattering 

Schiaparelli,  G.V.:  map  of  Mars,  45 
Schirra,  Walter  M.,  Jr.:  quoted  on 
airglow,  290-291,293 
Schmidt  telescope  see  Mt.  Palomar 
Schmidt  telescope 
Schools:  attitude  toward  UFOs,  8 
Schroeder,  Earl:  quoted  on  "claw" 
markings,  51-52 

Science:  contribution  of  study  to, 

2-3,7 

Scientific  research:  possibilities 
for,  2-5 

Scientific  Study  of  Unidentified 

Flying  Objects  see  Colorado 
project . 

Scientists:  caution  of,  35-36 
decisions  of,  2-5 

Scintillation:  atmospheric,  1044-1047, 
1055 

literature  of,  999 
Scorpio  (Shaula)  star:  as  probable 
explanation,  181 

Scott,  William  A.:  on  social  psychol¬ 
ogy  of  UFOs,  323-324,332,361 
on  staff,  Colorado  project,  917 
Scully,  Frank,  Behind  the  Flying 
Saucers ,  856 

Second  Storey  see  Project  ! econd 
Storey 

Secrecy,  18,20-21 

of  project  reports,  869-874,876, 
877-878 

of  UFO  reports,  7 
Security,  national  see  National 
security 

Seeing  see  Perception,  visual 
Seitz,  Frederick,  924 
Selfridge  Air  Force  Base,  Mich.: 

personnel  investigating  Michigan 
cases,  899-902 
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Sensation:  alertness  as  factor  of, 

935-936 

nodi fi cat ions  of,  934-937 
Sensors,  automatic  see  Automatic 
sensors 

Sensors,  electromagnetic  see 

Electromagnetic  sensors 
Sensors,  photoelectric  see 

Photoelectric  sensors 
Sensory  anomalies:  effect  on  sensa¬ 
tion,  936 

Sensory  deprivation:  occurrence  of, 

978,980 

Sex:  as  factor  in  opinions  on  UFOs, 62 
Sferics:  radar  detection  of,  1095 

Shape:  judgment  of,  934,938 

Sharif,  M.  experiment  on  perception, 979-980 

Shells,  concentric  with  the  earth: 

search  of,  1229,1231 
Shields,  C.A.:  in  Case  38,  579 
Shimmer:  astronomical,  1046 
Shinano  earthquake,  1847:  luminous 
effects  of,  1180 
Shiroi  Air  Force  Base,  Japan: 

quoted  on  Haneda  case,  1952, 

186 

Shklovskii,  I.S.:  on  moons  of  Mars, 

45-46 

Shklovskii,  I.S.  and  Sagan,  Carl, 
Intelligent  Life  in  the 
Universe:  discussion  of  ILE, 

IT - 

Shock  waves  see  Sonic  boom 
Shockley,  John  S . ,  236,239 
Shooting  stars,  1184-1185 
Sidell,  Ill.  image  orthicon,  1252, 

1254 

Sienko  and  Plane:  quoted  on  swamp 
gas,  901-902 

Sighters:  attitudes  of,  315-362 
demographic  analysis  of,  319- 
323,325,328-329,337-338 
public  and  private  responses  of, 

324 

reporting  by,  338-348 
responses  to  UFO  opinion  survey, 
350,352,355 
See  also  Observers 

Sightings:  Air  Force  information  on, 
94-99,100-103 
Air  Force  study  of,  10-12 
altitude  of,  1260-1262 
analyses  of,  885 
available  information  on,  73 


azimuth  of,  1260,1262 
BAYVIC  line.  Sept.  1944,  890 
by  astronauts,  268-312 

see  also  Spacecraft,  observa- 
tions  from 
causes  of,  943-948 
data  needed,  1258 
decision  to  investigate,  85-86 
duration  of,  22,1258,1260 
early  notification  of,  84-85 
explaining  reports  of,  24-30 
history  of,  813-841,844-920 
history  of, (1947  to  1968,  )844- 
918 

hypotheses  for,  174 
in  Illinois, (1967, )1254-1255 
in  1952,  864 

instrumental,  1256,1262-1268 
instrumented,  64-67,1214-1270 
interpretations  of  reports,  943- 
974 

investigation  of,  103-106,907-910 
of  balloons,  1211-1212 
of  1947,  845 

percentage  reported,  15-16,63 
previously  unreported,  78-83 
psychology  of,  976-984 
radar,  55-58,104,173-266,219-240 
blip-like,  240-261 
in  Case  37,  564-565 
repetitive,  83-84 
reporting  of,  338-348 
reports  of,  33,940-941 
"Straight  line  mystery",  890 
suppressed  data.  111 
unexplained,  1 16, 125-126 , 192 , 193 


207 

,210 

,214,245-246,259,. 

309 

,1239 

by  astronauts,  59,306-309 

by  P: 

roject  Grudge,  851 

Case 

2, 

372,387 

Case 

5, 

397 

Case 

6, 

88-89,405,410 

Case 

8, 

416-417 

Case 

10, 

87-88,422 

Case 

12, 

432,435 

Case 

13, 

436-437 

Case 

14, 

438-442 

Case 

17, 

451,457 

Case 

21, 

474-483 

Case 

22, 

484-493 

Case 

31, 

524-526 

Case 

33, 

532-537 

Case 

34, 

538-540 

Case 

39, 

87-88 
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Case  42,  596-598 
Case  43,  599,602 
Case  44,  603-604 
Case  46,  625 
Case  47,  626-635 
Case  52,  671-697 
Case  56,  716,718 
Case  57,  720-727 
Case  of  B-47,  82 
numerical  occurrence  of, 
1269-1270 

observed  from  spacecraft, 
306-311 

percentage, (1947  to  1965, )905 
percentage  of  photographic 
cases,  109 

statistical  study  of  "residual" 
reports,  969-973 
velocity  range  of,  1260-1261 
visual,  147,173-266,193-219 
Washington,  D.C. , (1952, )86C 
Wright-Patterson  AFB,  1952, 
860-861 

Sightings,  ancient,  824-839 

inconclusiveness  of,  821-822 
Sign,  Project  see  Project  Sign 
Sirius,  star:  as  probable  explan¬ 
ation,  105,577-598  (Case  38) 
Size:  judgment  of,  932-933,934,938 
Size-distance  relations,  47-48 

reports  on  fire- 

Sky  coverage  network:  cost  of,  1267- 
1268 

proposal  for,  1265-1268 
"Skyhook"  balloons  see  Bal loops, 
"Skyhook" 

Sky-luminescence  see  Luminescence 
Sky  survey:  by  photometers,  1232- 
1234 

by  telescope,  1265 
of  airglow,  1233,1234-1239 
of  zodiacal  light,  1233,1241- 
1246 

Smith,  Warren  P.,  742,  Plate  61-62 
Smith,  Warren,  and  Gabriel  Green, 
Let's  Face  the  Facts  about 

on 

24-825 

Smith,  Wilbert  B.  922 
Smithsonian  Institution,  65-66,  1252, 
1254 

Radar  Meteor  Project:  adaptable 
to  UFO  searches,  66-67 
research  on  meteorites,  1219 
Visual  Prairie  Network,  906 
Smithsonian  Meteorite  Recovery 
Project:  costs  of,  1267 


Flying  Saucers: quoted 
1720  A.D.  sighting,  8 


Sky  and  Telescope: 

balls,  970 


Smoke:  radar  detection  of,  1073, 
1099 

Snell's  law  of  refraction,  1000, 
1001,1005-1007,1009-1010, 
1017,105^ 

Snowstorm  lumine.  jnce:  as  pos¬ 
sible  explanations,  1192 
Social  forces:  influence  on 
reporti  974 

Sodium  flare  sec  Hare,  sodium 
Soil  tests,  13 

Solar  flares:  catse,  effect,  1159 
Solar  Observatory,  Orbiting  see 
Orbiting  Solar  Observa¬ 
tory 

Sonic  boom,  1146-1154 

absence  of,  52-53,147,214, 
1146,1154 

atmospheric  effects  on,  1151- 

1152 

propagation  of,  1147-1151, 

1153 

reduction  of,  1152,1153 
wind  effects  on,  1151 
Superbooms,  1153 
see  also  Sound  waves 
Sonora  and  Camarillo,  Calif,  case, 
Nov.  1967,  Dec.  1967,  729- 
736  (Case  58) 

Sonora,  Calif.,  case,  116,742, 
Plate  63 
Sound  see  Noise 
Sound  effects  see  Sonic  boom 
Sound,  Speed  of  see  Sound  waves 
Soundwaves:  speed  of,  1147 
see  also  Sonic  boom 
South  Hill,  Virginia,  incident, 
April  1967:  landing  gear 
imprint  of,  129 

Soviet  satellite  Zond  see  Zond 
Soviet  Union  see  U.S.S.R. 

Space:  characteristics  of,  279 
Spacecraft:  disintegration  of 
Zond  IV,  949-958 
luminosity  of,  281 
observations  from,  268-312 
Agena,  302 
Airglow,  289-292 
artifacts,  294-300 

Aurora,  292 
Bogie,  307,309-311 
ELSS,  298 

extra-vehicular  activity 
(EVA) ,  305 

Glenn  particles,  285,303- 
305 

meteors,  293 
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Pegasus  B,  308-309 
Proton  III,  298-300 
Radar  Evaluation  Pod,  300,301, 
739,  Plate  19 

rocket  boosters,  305,310,311 
stars,  292-293 
twilight  bands,  294 
unidentified,  306-309 
uriglow,  285,304 
zodiacal  light,  293,294 
reentry  of,  281 

rendezvous  and  docking  of,  300, 
302 

rendezvous  of:  Agena,  300 
windows  of,  274-276,292,293, 
294,311 

See  also  Satellites,  artificial 
Spacecraft,  extraterrestrial  see 
Extraterrestrial  intelli- 
gence 

"Space  grass",  132-133 
Space  objects:  as  causes  of  sight¬ 
ings,  943-948 

characteristics  of,  1256-1262 
classified,  175-176 
mass  of,  231,283,284,286,287 
radar  detection  of,  1073,1091- 
1093 

sun-illuminated,  283-287,304 
See  also  Artifacts;  Spacecraft; 
Satellites ;  names  of 
specific  objects 
Space  travel  fiction,  34 
Speed:  judgment  of,  933-934,938 
Spheres,  metal:  as  probable 
explanation,  136-137 
Spherics  see  Sf erics 
Spiders:  as  probable  explanation, 

132 

Spitzbergen  Island  case , (1952 ,) 133- 
134 

Sprinkle,  R.  Leo:  on  hypnotic  exam¬ 
ination  of  witness,  598- 
599  (Case  42) 

quoted  on  Lorenzen  book,  879- 
880 

Squall  lines:  source  of  tornadoes, 
1174 

SS  Hampton  Roads  case,  2 53 
Stanford  Research  Institute,  55 
contribution  to  Colorado 
project,  iii 

Stars:  as  probable  explanation, 
182,203,220,232,234,236, 
575-580  (Case  38) 


magnitude  of,  12:2 
observed  from  spacecraft,  292-293 
scintillating,  as  probable 
explanation,  181 
visibility  of,  292-293 
See  also  names  of  individual 
stars  and  planets 

Stars,  shooting  see  Shooting  stars 
Statistical  analysis:  of  UFO 
phenomena,  1271-1278 
Statistical  methodology:  for  studying 
UFO  phenomena,  1272,1277-1278 
Stimulus,  concomitant:  effect  on 
sensation,  936 

Stimulus,  proximal  see  Proximal 
stimulus 

Stolyarov,  Porfiry  A. ,  923 
Storms,  geomagnetic  see  Geomagnetic 
storms 

Stringfield,  L.H.:  investigation  of 
Case  55,  711,712,714 
Strong,  Ralph,  Case  50,  662,663 
Strontium:  added  to  magnesium,  143 
in  Case  4,  395 

Study  programs  regarding  UFOs :  in 
foreign  countries,  921-928 
Subsonic  aircraft  see  Aircraft, 
subsonic 

Sub-sun:  as  probable  explanation, 
116,702-709  (Case  54) 
in  photographs,  113,738,  Plate  2 
Sullivan,  Walter,  We  are  Not  Alone: 

review  of  ILE,  36-37 
Sulphur  see  Brimstone  odors 
Sun:  worship  of,  817-818 
See  also  Sub-sun 

Sun  illuminated  space  objects  see 

Space  objects  sun  illuminated 
Sunspots:  nature  of,  1158-1159 
Super-pressure  balloons  see  Balloons, 
super-pressure 

Super-Schmidt  Camera,  1220-1222 
sky  coverage  by,  1265 
Supersonic  aircraft  see  Aircraft, 
supersonic 

Surface  objects:  radar  detection  of, 
1099-1117 
Swamp  gas,  1174 

as  probable  explanation,  899-902 
theory  for  ball  lightning,  1168 
Sweden:  sightings  in,  17 

study  programs  in,  921,923 
Sweden,  Research  Institute  of  National 
Defence:  study  programs,  923 
Symposium  on  Unidentified  Flying  Objects, 
Washington,  D.C.,  July  1968,  68 
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Tachikawa  Air  Force  Base, Japan,  187 
Teenagers : responses  to  UFO  opinion 
survey,  348-351,354-355 
sample  of,  325,337 
Television  camera  see  Camera, tele¬ 
vision 

Temperature  gradients  in  the  atmos¬ 
phere  see  Atmosphere,  temper¬ 
ature  gradients  in 
Temperature  inversions: in  mirage 

formation,  1011-1014,1053-1054 
Temperature  lapses: in  mirage  forma¬ 
tion,  1011-1012,1018,1053-1054 
Tennessee  Valley  Authority  outage 
Feb,  1967,  162 

Terrain  features :as  probable  expla¬ 
nations,  224 

radar  detection  of, 1099-1117 
Terrestrial  magnetic  disturbances 
see  Magnetic  field, earth: 
disturbances  of 

Testing,  psychological  see_ Psycho¬ 
logical  testing 

Thacher,  Peter  S.: quoted  on  U.N. 

committees,  927-928 
Thayer,  Gordon :quoted  on  anomalous 
propagation  hypothesis ,58 
"Light  scattering  by  aerosol 
particles, "1047-1052 
Thomas, Paul : on  "Miracle  of  Fatima", 

823 

Thomas,  Paul,  Flying  Saucers  Through 
the  Ages: quoted  on  by land 
Abbey  sighting,  828-829 
Thompson,  Frank,  Lt.Cmdr,USN: Wash¬ 
ington,  D.C.  case,  135 
Thor-Agena  rocket: in  Case  51,  667- 
670 

Thunderstorms : electric  fields  of, 
1156,1161-1162,1170-1175, 
1182-1183 

Thutmose  111,1504-1450  B.C., Annals: 

quoted  835-836,838 
Tillamook , Ore. case  Mar. 1967,183-184 
Titi-.i,  second  phase,  3C7 
Titan  3  C-4 .satellite  Sept. 1967: 

re-entry  of,  958-959 
Titanium: as  component  of  "angel  hair", 
132 

Tombaugh  Survey , 1229- 1232 , 1265 , 1266 
Tornado  clouds: as  possible  explana¬ 
tion,  '192 

Tornado  lightning:description  of, 

11 56, 1174-1 '78, 11 79, 1193 
Tornadoes  characteristics  of ,  1259- 1262 
electric  field  of,  1256 
Tosa  earthquake ( 1698 ) :  luminous  effects 
of,  1180 


Tracking  films  see  Films, tracking 
Traill, R.J. : quoted  in  Case  22,492-493 
Tremonton, Utah. case  July  1952,  641- 
653;  movie  film  frame, 740, 
Plate  31 

Trench,  Brinsley  LePoer:quoted  on 
ancient  sightings,  824,828 
The  Flying  Saucer  Story,  quoted 
835-836 

Troposphere  see  Atmosphere 
Truckee, Cal if .case, Sept . 1963,  35 , 
883-884 

Tucson, Ariz. incident  Oct. 1967: 

landing  gear,  imprint  of,  129 
Tulli ,Alberto:"Tulli  papyrus",  835- 
839 

'Tulli  papyrus": quoted,  835-836,838 
Tunguska  Meteor  of  1908,  1219 
Tunguska  River,  Siberia,  incident, 

June  1908,  1188-1190 
Twilight  bands : observed  from  space¬ 
craft,  294 

Twilight  effects :of  balloons,  1209- 
1210 

Twining, Nathan  F.,  Lt.Gen.USAF: 
established  study,  844 
on  secrecy,  874 

Uv>atuba,Sao  Paulo, Brazil, case  (1957), 
54,138-143 

UFO  see  Unidentified  flying  oljects 
UFO  Contact,  periodical :quoted  on 
Adams ki  's  work,  894-895 
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